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1. Introduction (RFP, Section I)

In response to the Request for Proposal (RFP) #07-03-JW, ICF is pleased to submit the
following proposal to assist the Virginia Department of Environmental Quality (VDEQ) in
conducting the Virginia Mercury Study. Our proposal addresses the mercury emissions data
analysis and mercury deposition modeling activities outlined in Sections A and B of the
Statement of Needs section of the RFP. We are currently completing a national- and regional-
scale mercury emissions data analysis, modeling emissions inventory processing, and
deposition modeling study for the EPA Office of Water (OW) and will integrate and build on the
results of this recent study to enhance our work for VDEQ. For the proposed study, we propose
to utilize the services of two Virginia DMBE certified businesses: LPES, Inc., of Smithfield, VA, a
small business enterprise, and Thruput, of Saltville, VA, a woman-owned business enterprise.
(RFP, Section 1)

Background (RFP, Section II)

Human exposure to mercury is most commonly associated with the consumption of
contaminated fish. Due to measured high levels of mercury in fish, at least 44 U.S. states have,
in recent years, issued fish consumption advisories. These advisories may suggest limits on the
consumption of certain types of fish or they may recommend limiting or not eating fish from
certain bodies of water because of unsafe levels of mercury contamination. States have
identified more than 6,000 individual bodies of water as mercury impaired and have issued
mercury fish advisories for more than 2,000 individual bodies of water. (RPF, Section II,
paragraph 3)

Until 2002, significant mercury contamination in Virginia surface waters was known only in three
rivers (the North Fork of the Holston River, the South River, and the South Fork Shenandoah
River) with historical industrial releases. Since then, however, state monitoring efforts have
identified mercury contamination in a number of surface waters without readily identifiable
sources. (RPF, Section Il, paragraph 5)

Virginia expanded its mercury monitoring in 2002 based on an increasing scientific
understanding of mercury’s environmental chemistry and discoveries in other states (e.g.,
Florida, Maryland) of mercury pollution in water bodies without direct sources. The 2002
monitoring effort focused on rivers of the coastal plain, mostly to the east of I-95. As a result of
this effort, Virginia found elevated mercury levels in some fish in the Blackwater River, the Great
Dismal Swamp Canal, the Dragon Run Swamp, and the Piankatank River. Consistent with
findings from Florida and elsewhere, these water bodies in Virginia possess characteristics
favorable for the formation of the highly bio-accumulative form of mercury, methyl mercury.
These characteristics include low dissolved oxygen, high organic matter, and low pH, and are
most prevalent in “backwaters” of the southeastern portion of the state. (RPF, Section Il,
paragraph 5)

The primary source of mercury to these water bodies is suspected to be atmospheric
deposition. There are currently three Mercury Deposition Network (MDN) sites located in
Virginia, in Shenandoah National Park, Culpeper, and Harcum and data from these sites have
contributed to the regional characterization of mercury transport and deposition throughout the
state. Additional monitoring at the Harcum site in 2005 revealed that dry deposition of reactive
gaseous (divalent) mercury along the Piankatank River (near the Chesapeake Bay) and in
upstream areas is an important contributor to the high mercury levels observed in the water and
fish in the area. (RPF, Section Il, paragraph 4)

ICF International 1 Commonwealth of Virginia Department of Environmental Quality

06-098 November 10, 2006
Use of or disclosure of data contained on this sheet is subject to the restrictions on the title page of this Proposal (RFP Ne 07-03-JW).



Virginia Mercury Study

Global, regional, and local sources of air mercury emissions contribute to the deposition, and
understanding these contributions is an important step toward identifying measures that will
effectively reduce mercury deposition and environmental mercury levels. (RPF, Section Il,
paragraph 1)

Objectives (RFP, Section II)

This study includes a detailed analysis of mercury emissions inventory data, as well as a
comprehensive mercury deposition modeling analysis. Both the data analysis and modeling
components are intended to examine and quantify the contribution of regional and local emissions
sources to mercury deposition throughout the Commonwealth, and to provide information to
support the further analysis of the impact of mercury deposition on the environment. (RPF,
Section Il, paragraph 2)

For each of the bodies of water listed as impaired by Virginia, the Clean Water Act calls for the
calculation of a Total Maximum Daily Load (TMDL). TMDLs identify the pollutant reductions or
limits that are needed in order to achieve water quality standards. TMDLs must also allocate the
reductions to the different sources of pollution, including air sources. Thus another key objective
of the data and modeling analyses is to provide information that will enable VDEQ to conduct
TMDL studies. (RPF, Section Il, paragraph 6)

Finally, the results of this study will also be used to support VDEQ’s evaluation of potential
measures needed to reduce mercury emissions in Virginia. Specifically, the proposed data and
modeling analysis studies will allow VDEQ to evaluate the effectiveness of selected control
measures and support the development of management strategies for meeting water quality
criteria and protecting human health. (RPF, Section Il, paragraph 2)

The reliability of the mercury deposition assessments, including the modeling, will depend
significantly on the quality and completeness of the emission inventory data. Thus, a key objective
of the emissions data analysis component of the study will be to assess and improve, as needed,
the reliability of the mercury emissions data. The data analysis focuses on the review and
refinement of the mercury emissions data from a variety of source categories, which include
coal-fired utilities, medical waste incinerators, and municipal waste incinerators. The emissions
data analysis also requires the reliable projection of these data to three future years, accounting
for the requirements of the Virginia General Assembly Bill that limits participation by sources
located in Virginia in the mercury emissions federal trading program. (RPF, Section 1)

The modeling analysis includes the development of a conceptual description of mercury
deposition, which will improve the overall understanding of the mercury problem and the
relationships between meteorology and mercury deposition. The modeling results will provide a
basis for quantifying the contribution of emissions sources to mercury deposition and examining
the fate of mercury emissions from selected sources. For environmental planning purposes, the
modeling will be used to examine the effectiveness of control measures in reducing mercury
concentrations in contaminated bodies of water and improving or maintaining water quality within
the designated areas of interest in Virginia. By quantifying deposition, the modeling results will
also provide a link between the analysis of mercury emissions and the assessment of the impacts
of airborne mercury on fish tissue and human health. (RPF, Section I)

On the project management side, our objectives are to develop and implement a sound program
management plan that supports and ensures our ability to 1) deliver high quality technical services
within the proposed schedule and budget, and 2) address any problems that arise during the course of
the study in a prompt, responsible manner. Other requirements include several meetings, conference
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Virginia Mercury Study

calls, and monthly written progress reports. Our approach to meeting these requirements and fulfilling
the objectives of the study is provided in Sections 2 and 3 of this proposal. (RFP, Sections Ill.A and
l11.B)

Highlights of the Experience and Qualifications of the Project
Team (RFP, Section V.B)

The proposed project team is experienced in the analysis of mercury emissions data and the
development and application of modeling techniques for mercury deposition, including mercury
contribution analysis. This experience is summarized in Section 3 of the proposal and further
substantiated by the numerous project summaries included in Section 5. (RPF, Section V.B)

Our work in the area of mercury emissions data analysis provides us with an excellent basis for
reviewing and updating the emissions inventory, with the added benefit that we have just
recently reviewed, updated, processed, and conducted deposition modeling using the EPA’s
latest version of the national mercury emissions inventory. This work was conducted during the
past year and represents our latest and most comprehensive achievement in this area, but our
experience spans several years. Several of the ICF project team members have been involved
in the review, analysis, and processing of mercury emissions at the national, state, and facility
level since approximately 1997, working with and helping to update each successive version of
the national emissions inventory for mercury. The focus of much of our mercury emissions data
analysis work has been the development of emissions inventories for mercury deposition
modeling, using a variety of emissions processing and modeling tools. Based on this
experience, we are very familiar with the format and content of the emissions datasets and also
recognize the importance of the underlying emissions inventory data to the success of a
modeling study. Members of the proposed project team have been involved in the development
of the Integrated Planning Model (IPM) and its application for the 2005 Clean Air Mercury Rule
(CAMR) and other national emission reduction programs. ICF team members also recently
supported EPA in the risk assessment design for CAMR, conducting literature searches and
assembling data on the toxicology of mercury and human health routes of exposure. (RPF,
Section V.B)

The scientists on our proposed project team offer a detailed, state-of-the-science theoretical
grasp of mercury chemistry and the processes that contribute to the transformation, transport
deposition, and re-emission of mercury in the atmosphere. We have designed and conducted
data analysis studies to improve our understanding of the relationships between mercury
deposition and meteorology, using statistical analysis techniques (such as Classification and
Regression Tree (CART) analysis) as our probe for revealing these relationships. We have also
used our understanding of the relationships between meteorology and mercury
transport/deposition to assess the suitability of annual periods for mercury deposition modeling.
The insights gained from these prior studies will be applied to the development of the
conceptual model for mercury deposition for Virginia. (RPF, Section V.B)

Our knowledge of mercury chemistry, transport, and deposition has also been enhanced
through our work in mercury deposition modeling. ICF scientists developed the REgional
Modeling System for Aerosols and Deposition (REMSAD) which incorporates state-of-the-
science mercury chemistry and deposition processes. Identifying and quantifying the global,
regional, and local contributions to mercury deposition and, more specifically, the sources of air
mercury emissions is key to identifying measures that will effectively reduce mercury deposition
and environmental mercury levels. With this in mind, ICF scientists have also developed a
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Virginia Mercury Study

mercury tagging methodology that is designed to provide detailed, quantitative information
about the contribution of selected sources, source categories, and/or source regions to
simulated mercury concentrations and (wet and dry) deposition. Mercury emissions from
selected sources, source categories, or source regions are (numerically) tagged and then
tracked throughout a simulation, and the contribution from each tag to the resulting simulated
concentration or deposition for any given location can be quantified. By tracking the emissions
from selected sources or source locations, the methodology also provides information on the
fate of the emissions from these sources. Mercury tagging is one element of the Particle and
Precursor Tagging Methodology (PPTM). ICF first developed and incorporated PPTM into
REMSAD, and has recently (at the request of EPA) incorporated PPTM into the CMAQ model.
The principal developer of REMSAD and the developer of PPTM, Tom Myers, will be a key
participant in the VDEQ project. (RPF, Section V.B)

We have conducted more than six comprehensive mercury deposition modeling studies. These
have included national as well as regional studies; the more regional studies have focused on
Devil's Lake, Wisconsin, coastal Louisiana, and the Chesapeake Bay area. Our most recent
mercury modeling study includes the tracking (tagging) of more than 300 sources throughout the
U.S., including several sources in Virginia. This study, conducted for the EPA Office of Water
(OW), also included a detailed review, analysis, and update of EPA’s latest mercury emission
inventory. We will use this EPA OW study as a starting point for the Virginia mercury deposition
modeling and will draw on the information and databases, as appropriate, to enhance the
reliability of the results and our cost effectiveness and ability to meet the schedule for the
proposed VDEQ study. (RPF, Section V.B)

The success of ICF’s mercury modeling studies, and the use of our data analysis and modeling
results by EPA and others, speak to our ability to combine good science, innovative data analysis
methods, and available emissions data to produce useful, informative, reliable, and high quality
mercury deposition analyses for our clients. (RPF, Section V.B)

Highlights of the Technical Approach (RFP, Section IIl.A,
111.B)

Our technical approach will build on our experience in conducting similar analyses. For the
mercury emissions data analysis and the subsequent mercury deposition modeling, we will
utilize an updated version of the latest national-scale mercury emission inventory prepared by
EPA. We recently updated this inventory as part of our work for the EPA OW, and will further
update it based on survey information for Virginia for 2002 and 2005. We will use state-of the-
science emissions processing and projection tools (such as SMOKE and IPM) and will work
closely with VDEQ to ensure that all projection factors and growth and control assumptions are
reasonable. (RPF, Section III.A)

In conducting the deposition modeling, we will utilize both regional-scale and local modeling
tools in order to examine and characterize the different factors and types of emissions sources
contributing to mercury deposition in Virginia. We propose to use the CMAQ regional-scale
model with PPTM to quantify the global, national, and regional contributions to mercury
deposition. In addition, we propose to use the AERMOD Gaussian dispersion model, as
needed, to quantify the impacts of local sources on a given body of water or hydrologic zone.
We will use these same tools to project future mercury deposition amounts and assess the
effectiveness of mercury emission reduction measures on mercury deposition for “impaired”
water bodies and other areas of interest. (RPF, Section 111.B)
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Our technical approach has several important attributes including:

Use of CART and existing modeling results to probe the relationships between mercury
deposition and meteorology and further develop our understanding of the characteristics of
mercury deposition in Virginia. (RPF, Section I11.B, Task 1)

Assessment of model performance using actual and estimated mercury deposition data,
drawing on geographical and meteorological relationships to estimate the deposition for
unmonitored areas in Virginia for the base year. (RPF, Section Ill.B, Task 4)

Use of CMAQ PPTM source contribution analysis to quantify contributions from a variety of
global, national, and regional sources and to track the fate of emissions from key sources in
Virginia. (RPF, Section Il1.B, Task 5)

Use of combined regional- and local-scale modeling methods to capture and quantify the
contributions and effects of emission reductions for a variety of scales. (RPF, Section II.B, Task
5)

Our ability to draw on existing modeling results for Virginia and other areas to add to the overall
quality, timeliness, and robustness of the study. (RPF, Section V.B)

In summary, we offer an innovative and scientifically sound technical approach combined with
an experienced project team in the areas of mercury emissions data analysis and deposition
modeling. (RPF, Sections IIl.A and 11I.B)
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Virginia Mercury Study

2. Technical Approach (RFP, Sections 1V.B.4,
V.B.2)

In this section, we provide our proposed technical approach for conducting all of the tasks
included in Sections A (Mercury Emissions Data Analysis), and B (Mercury Deposition
Modeling) of the Virginia Mercury Study.

Mercury Emissions Data Analysis (RFP, Section Ill.A)

In the following, we provide details about our proposed approach for conducting the tasks under
Section A of the RFP in reviewing the available mercury emissions inventory for Virginia and
surrounding areas. The information derived from this task will be used to update the emission
inventory that will be used in the subsequent modeling exercise called for under Section B of the RFP.

Understanding the Objectives and Requirements of the Mercury
Emissions Data Analysis

For this study, the Commonwealth of Virginia is seeking assistance in quantifying current and
future estimates of mercury deposition throughout the state as the result of emissions from
sources located within the state, in surrounding states, within the continental U.S., and as part
of the global background. Mercury deposition to land areas and waterways within the state is a
result of emissions from a combination of these sources. For this analysis, estimations of base
year deposition throughout the state will be provided with the application of air quality models
using historical emission estimates as input. Future year deposition estimates will be provided
by the air quality models using projected emission estimates. In order to gain a clear
understanding as to which sources contribute to mercury deposition throughout the state, it is
imperative to use the best set of base-year emissions estimates for Virginia (and surrounding
state) sources, because future-year deposition estimates will rely on the integrity of the base-
year values and the accuracy of forecasted industrial activity. (RFP, Section Ill.A)

The objective of Part A of the overall study is to review the existing mercury emissions inventory
for Virginia and surrounding areas, and to improve these estimates for the designated base year
so that the most current information can be used in the mercury deposition modeling section of
the study. (RFP, Section Ill.A)

Task 1. Air Point Source Mercury Emissions Inventory Review

In this task, we will acquire, review, and summarize mercury emissions estimates provided by
Virginia DEQ. These estimates are based on the recent source-specific survey of statewide
sources. VDEQ solicited on the order of 75 specific sources for updated mercury emission
estimates for 2002 and 2005, although they may not have received the requested information
from all solicited sources. Of those that provided updated information, some sources prepared
emissions estimates based on measurements (stack tests), while others based their estimates
on standard process-based emission factors for various source types (e.g., AP-42). Still others
may have estimated emissions using alternative methods. For each facility for which we are
provided information, we will conduct a thorough technical review of the emissions estimates,
taking into account the important factors that affect mercury emissions such as process-type,
boiler-type, fuel type, equipment-type, and stack parameters (e.g., flow rate, exit temperature,
exit velocity, etc.). For each facility, we will assess the accuracy of the emission estimates and
review all of the facility-specific information including location, stack parameters, hours of
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operation, maintenance schedules, and estimated diurnal operating profiles. We will also
investigate whether any emission control or other equipment was installed or replaced between
2002 and 2005 and whether the facility is planning to change/update equipment in the near
future. If new control or other equipment will be installed beyond 2005, this will be accounted for
in the future-year emission estimates to be provided in Task 2 for 2010, 2015, and 2018. (RFP,

Section IIlLA, Task 1)

As a starting point in our review and evaluation of sources outside Virginia, we will utilize
existing emissions estimates derived from current national-scale mercury emission inventories
prepared by EPA. We are currently working with a 2001 inventory for our ongoing EPA OW
mercury deposition work. For the modeling analysis tasks (discussed in the next section of the
proposal), we plan to utilize the existing 2001 modeling database and update the Virginia
mercury sources with 2002 data, as appropriate. Although the Virginia updates will be for 2002,
we feel that combining the 2001 national-scale inventory with 2002 Virginia updates will provide
the best mercury emission inventory for the base-year modeling, given the desire to leverage off
of existing modeling databases and the constraints on the schedule. We have already refined
the emissions for the Virginia sources, as part of our ongoing work for the EPA OW. Specifically,
we prepared summaries of the emissions for each state, provided them to state and regional
offices for review, and incorporated all of the updates and corrections that we received into the
inventory. The updates for 2002 will be a further refinement. We will use the improved
2001/2002 inventory for the Virginia mercury modeling analysis. (RFP, Section Ill.A, Task 1)

Table 2-1 presents emissions data for the top five point source emitters of both divalent and
elemental mercury in Virginia for 2001 as contained in the currently available national inventory
we are using for our EPA OW mercury deposition modeling analysis (Myers et al., 2006).
Although dominated by electric generation units/utilities, incineration and other sources are also
potentially large emitters of elemental and divalent mercury in Virginia and in surrounding
states. (RFP, Section Ill.A, Task 1)

Table 2-1a. Top Five Point Source Divalent Mercury Emitters for Virginia for 2001.

HGO HG2 HGP Total
Facility Name (Elemental) (Divalent) (Particulate) (toy) Source Category

(tpy) (tpy) (tpy)

Chesterfield Power Station 0.047 0.125 0.011 0.184 Coal fired Utility

NASA Refuse-fired . .

Steam Generator 0.025 0.066 0.023 0.114 Incineration

Chesapeake Energy Center 0.023 0.062 0.006 0.091 Coal fired Utility

Norfolk Navy Yard 0.021 0.056 0.019 0.097 Incineration

Clinch River 0.020 0.054 0.005 0.079 Coal fired Utility
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Table 2-1b. Top Five Point Source Elemental Mercury Emitters for Virginia for 2001.

HGO HG2 HGP Total
Facility Name (Elemental) (Divalent) | (Particulate) (toy) Source Category
(tpy) (tpy) (tpy)
Jewel Coke Company LLP 0.135 0.017 0.017 0.169 Ferrous Metals
Processing
Ferrous Metals
Chaparral 0.112 0.014 0.014 0.140 Processing
Possum Point Power Station 0.017 0.044 0.004 0.065 Coal fired Utility
Bremo Power Station 0.024 0.037 0.003 0.063 Coal fired Utility
Stericycle Inc. . .
(formerly American Waste) 0.003 0.044 0.012 0.058 Incineration (MWI)

The analyses conducted in this task will be summarized in a draft technical memo. The memo
will include data sources, methods, results, and estimates of uncertainty and limitations. The
memo will be revised in accordance with comments from VDEQ and will then be incorporated

into the mercury emissions data analysis report, to be prepared as part of Task 4. (RFP, Section
LA, Task 1)

Task 2: Mercury Emission Inventory Summary

In this task, we will utilize the information gathered and reviewed as part of Task 1 to update the
Virginia mercury emissions inventory. We will also summarize the information/data to be used in
the modeling analysis to be conducted in Section B of the study. Any changes to be made to
update the Virginia point sources will be reviewed and approved by VDEQ staff prior to use in
the modeling analysis. The evaluations and summaries will be provided by applicable source
categories, such as electric generation, material processing, etc. The summary will include the
outcome from the review of the methods used in estimating mercury emissions including stack
tests, standard process/unit-based emission factors, or other methods. A comprehensive
summary will be provided for the base-year (2002/2005) emission inventories, which will provide
the bases for the future-year estimates. (RFP, Section Ill.A, Task 2)

In addition to the point source information reviewed as part of Task 1, we will also review and
summarize all other anthropogenic and geogenic sources of mercury emissions. Table 2-2
presents a summary of mercury emissions for Virginia for the non-point source categories as
contained in the EPA’s national-scale emission inventory for 2001. Although relatively small
compared to emissions from the utilities and industrial point sources listed above, the table
presents mercury emission estimates for other source categories located in Virginia that
potentially contribute to mercury deposition within the state. Currently available emissions
estimates for Virginia and nearby states for these categories will also be reviewed and
summarized as part of this task. (RFP, Section Ill.A, Task 2)
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Table 2-2. Summary of Mercury Emissions (tpy) for Virginia from Non-point Sources for 2001.

HGO (Elemental) (tpy) HG2 gtDpI;I;i lent) | HGP (lztapr )tli)culate) '{t%tya)l Source Category Description
5.2E-04 3.1E-04 2.1E-04 0.001 Industrial: Distillate oil

1.3E-03 8.0E-04 5.3E-04 0.003 Industrial: Liquid waste

1.9E-05 2.3E-06 2.3E-06 0.000 Chemical Manufacturing

2.2E-06 0 0 2.2E-06 | Electrical Equipment

0.017 0 0 0.017 Photo Equip/Health Care: Dental alloy production
0.023 0 0 0.023 Photo Equip/Health Care: Laboratories
0.001 3.8E-04 2.6E-04 0.001 Industrial: Residual oil

5.4E-05 3.3E-05 2.2E-05 0.000 Commercial/Institutional: Anthracite coal
3.9E-04 2.3E-04 1.6E-04 0.001 Commercial/Institutional: Bituminous coal
0.006 0.004 0.002 0.012 Commercial/Institutional: Distillate oil
3.4E-04 2.0E-04 1.3E-04 0.001 Commercial/Institutional: Residual oil
0.001 0.001 0.000 0.002 Commercial/Institutional: Wood

1.8E-05 1.1E-05 7.3E-06 0.000 Residential: Anthracite coal

0.001 4.8E-04 3.2E-04 0.002 Residential: Bituminous coal

0.022 0.013 0.009 0.043 Residential: Distillate oil

4.3E-04 0.001 3.9E-04 0.002 Other Combustion

0.020 0 0 0.020 Fluorescent Lamp Breakage

Figure 2-1 presents a comparison of elemental, divalent, and particulate mercury emissions for
Virginia and surrounding states for 2001. This plot suggests that emissions from neighboring
(and often upwind) states of Kentucky and West Virginia may also contribute to mercury
deposition in Virginia’s waterways.
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Figure 2-1. Comparison of Spatial Distribution of Low-Level Mercury Emissions (tons) for the 2001
CAMR Emissions Inventory for the 36-km Grid for a Summer Weekday: All Species.
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Figure 2-2a presents total low-level source mercury emissions for a summer weekday for the 2001
continental U.S. inventory being used in our current mercury deposition modeling exercise for the
EPA OW. Figure 2-2b presents total mercury emissions for elevated point sources. For this
analysis, we will focus on the Mid-Atlantic states in depicting the spatial distribution of low-level and
elevated sources potentially affecting Virginia. (RFP, Section IIl.A, Task 2).

In this task, we will also prepare future-year estimates of mercury emissions for point and non-
point sources in Virginia for 2010, 2015, and 2018. These estimates will take into account the
provisions of CAMR and HB1055 on Virginia sources.

The CAMR, promulgated on May 18, 2005, includes two mechanisms to reduce mercury
emissions from electric power plants. First, it sets standards of performance for new and
existing coal-fired power plants. Second, it establishes a two-phase, national cap-and-trade
program. In the initial phase of the cap-and-trade program, the national mercury emissions will
be capped at 38 tons and emissions reductions will occur as a “co-benefit” of sulfur dioxide
(SO.) and nitrogen oxides (NO,) emissions under the Clean Air Interstate Rule (CAIR) issued on
March 10, 2005. In the second phase, due in 2018, coal-fired power plants will be subject to a
second cap, which will reduce emissions to 15 tons upon full implementation. (RFP, Section
l11.B, Task 5, paragraphs 2 and 3)

To participate in the cap-and-trade program, states must submit to EPA a State Implementation
Plan revision that describes how the state will meet its mercury reduction budget. States may
adopt a “model rule” or a rule(s) with comparable provisions. Legislation enacted by Virginia in
April 2006 authorized the Air Pollution Control Board to adopt and submit to EPA the model rule.
As described below, the Virginia legislation also provided authority for state-specific rules to
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further control mercury emissions from sources regulated under CAMR. These are summarized
by the following amendments to the Code of Virginia:

e §10.1-1328 C — This section directs the Air Pollution Control Board to adopt and submit to
EPA the CAMR “model rule” for participation in the federal mercury cap-and-trade trading
program. The rule will include a set-aside of mercury allowances for new sources not to
exceed 5 percent of the total state budget during the first five years and 2 percent thereafter.

o §10.1-1328 D — This section is a state-specific (i.e., that exceeds the requirements of the
CAMR rule) rule. Its requirements are similar to the CAMR cap-and-trade program, but it
applies to additional (smaller) sources and includes additional restrictions on compliance
options.

e §10.1-1328 E — This section directs the Air Pollution Control Board to adopt regulations
governing mercury emissions that meet, but do not exceed, the requirements and
implementation timetables for (i) any coke oven batteries for which the EPA has promulgated
standards under § 112(d) of the Clean Air Act, and (ii) facilities subject to review under §
112(k) of the Clean Air Act and that receive scrap metal from persons subject to § 46.2-635
of the Code of Virginia.

o §10.1-1328 F — This section is a state-specific rule that prohibits electric generating facilities
in nonattainment areas from meeting mercury compliance obligations by purchasing credits
from other facilities. An exception applies when the facility owner can demonstrate
compliance using allowances at another of its facilities within 200 kilometers of the Virginia
boarder.

We will work with VDEQ in to translate these rules and provisions into emissions estimates and
incorporate them into the future-year emission inventories, staging them as appropriate, for
each future year. (RFP, Section Ill.A, Task 2)

The work in this task will also include an analysis of expected emissions reductions, future-year
trends for all source categories, and a comparison of Virginia emissions with neighboring states,
regions, national, and global sources affecting Virginia. To the extent possible, we will utilize the
latest available IPM outputs that have been prepared by ICF’s Energy group for EPA and others
for national-scale emissions inventories. These estimates will accurately reflect the
implementation timing and effects of the CAIR and CAMR emission reduction provisions. (RFP,
Section lll.A, Task 2)

The analyses conducted in this task will be summarized in a draft technical memo. The memo
will include data sources, methods, results, and estimates of uncertainty and limitations. The
draft memo will be revised based on comments from VDEQ and incorporated into the mercury
emissions data analysis report, to be prepared as part of Task 4. (RFP, Section Ill.A, Task 2)

ICF International 12 Commonwealth of Virginia Department of Environmental Quality

06-098 November 10, 2006
Use of or disclosure of data contained on this sheet is subject to the restrictions on the title page of this Proposal (RFP Ne 07-03-JW).



Virginia Mercury Study

Figure 2-2a. Spatial Distribution of Low-Level Mercury Emissions (tons) for the 2001 CAMR
Emissions Inventory for the 36-km Grid for a Summer Weekday: All Species.

‘ Mex value: 240727 (g/day) at ( 61, 6) |

Km
-2736 —2016 —1296 -576 144 864 1584 2304
110E I u: T ) T ¥ q 2] Ron
= \
100E <
- : 1368
905 =
E [ | 1 =
= e ) = h 236
S At
E “ 'ir'ﬁanit 4504
TDE L .?:- e é
605 - u 7 il H7e
,," -
2 SER E
: ﬂ' g -360 E
405 | w E
£ 4 -792
30% i E
= . 1 3-1224
20= E
10E = -1656
ok HiLIT) i 2088
(7] 100 110 120 130 140
| ‘ - | | - Low—Level Total Hg Ems: Summer Weekday
0L 2L Fu S0 8.0 00 15 2 g THG
28 T8 Tl Tas Ty Total: 99529 (g/day)

Figure 2-2b. Spatial Distribution of Elevated Point-Source Mercury Emissions (tons) for the 2001
CAMR Emissions Inventory for the 36-km Grid for a Summer Weekday: All Species.
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7ask 3 Literature Review

As stated in Amendment No. 1 of the RFP, in this task we will conduct a literature review of
recent research into “atmospheric chemistry and reactivity, mercury deposition mechanisms,
and physical and chemical characteristics of mercury.” As part of this review, we will also review
reports addressing mercury emissions issues, deposition modeling, and modeling studies
conducted to estimate global background values of mercury. Estimates of global background
vary widely in the current literature and outputs from various global models have been used in
recent modeling studies as input for continental-scale mercury modeling studies. We will
summarize the findings of these studies in a draft technical memo, which will include a complete
list of data sources, references, journals, and web sites found as part of the review. The draft
memo will be revised based on comments from VDEQ and incorporated into the mercury
emissions data analysis report, to be prepared as part of Task 4. (RFP, Section Ill.A, Task 3)

Task 4. Mercury Emissions Data Analysis Report

In this task, based on information prepared as part of Tasks 1-3, we will prepare a
comprehensive draft mercury emissions data analysis report. The report will incorporate the
memos prepared for each of these tasks and all comments received from VDEQ. We will also
include an Executive Summary. (RFP, Section IIl.A, Task 4.)

Task 5: Data Archival and Transfer of Inventory Files

All of the data, data files, and software required to corroborate the results and findings of the
study will be provided to VDEQ in an approved electronic format. As noted in the RFP, we may
utilize ftp methods for transfer of smaller files and will use portable disk drives for the transfer of
larger files and/or the complete database. (RFP, Section IIl.A, Task 5)

Task 6. Quality Assurance Plan

We will prepare draft and final versions of a Quality Assurance Project Plan (QAPP) that will
address all aspects of the technical effort covering both Sections A (emission inventory
review/analysis) and Section B (mercury deposition modeling). The QAPP will include
procedures for reviewing emission data, processing and use of air quality, meteorological, and
emissions data, as well as the application of the modeling tools. The QAPP will be prepared in
accordance with EPA requirements governing QAPP preparation. Its purpose will be to ensure
that the emissions inventory and modeling study is scientifically sound and error free. The
QAPP will address:

e Data acquisition (sources and procedures).
e Data quality assurance and processing procedures.

o Stepwise checking of each analysis component (emission inventory review, data analysis
and processing, modeling emission inventory preparation, model application, postprocessing
of the model outputs, display and analysis of the modeling results, and documentation).

¢ Internal and external review of all presentation materials and documentation.
e Communication and resolution of technical issues (in conjunction with VDEQ).
The QAPP will be prepared so that it will guide our technical work, as well as the quality

assurance of data and modeling results once they are delivered to VDEQ. We will assign a
quality assurance officer to each project task. This will be an individual who has a
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comprehensive understanding of the task, but is not involved in the detailed technical work for
that task. (RFP, Section Ill.A, Task 6)

A draft QAPP will be prepared and submitted to VDEQ for review at the beginning of the project.
A revised QAPP will be prepared prior to the conclusion of the project, and finalized based on
comments. (RFP, Section Ill.A, Task 6)

Task 7. Project Management

As discussed in Section 3 of the proposal document, the proposed project manager for the
mercury deposition analysis is Mr. Jay Haney. Mr. Haney has more than 27 years of experience
in the conduct and management of meteorological, emissions, and air quality data analysis and
modeling studies. He is a Vice President with ICF International with the authority to utilize all of
the resources of our firm to ensure the high quality, effective, timely, and efficient completion of
the proposed study. As discussed in our capabilities statement, Mr. Haney has successfully
managed more than 25 studies that are similar to the size and scope of the proposed effort. He
will be responsible for the:

¢ Day-to-day management of all technical tasks.
e Technically sound and efficient completion of each task and the entire project.

e Communication with the VDEQ, including the exchange of ideas and information and prompt
responses to questions from VDEQ.

o Development and refinement of the project scope of work in cooperation with VDEQ and
other project participants

e Conformity with the modeling protocol and implementation of the QAPP
e Resolution of any technical and project-management-related issues.

¢ Quality and timeliness of all project deliverables.

As part of this task, Mr. Haney and other scientists from ICF will participate in biweekly (or as
needed) conference calls and up to four one-day project meetings covering the emissions data
analysis and modeling work. (RFP, Section Ill.A, Task 7, paragraphs 1 and 3)

During the first month of the project, ICF will prepare a work plan that includes the objectives,
scope, budget, and schedule for each task. The work plan will be revised as needed during the
course of the project to reflect progress to date and to ensure a successful completion of the
project. (RFP, Section IIl.A, Task 7, paragraph 2)

Each month progress will be evaluated against this work plan and summarized in a written
status report to VDEQ. The status reports will provide a detailed discussion of work
accomplished during the report period, results achieved during the reporting period, problems
encountered and how they were resolved, and planned activities for the next two months. The
status report will also include a summary of expenditures for the period and cumulative
expenditures for the project. (RFP, Section Ill.LA, Task 7, paragraph 2)

Task 8: Other Tasks Not Assigned

Under this task, we will respond to any additional requests that VDEQ may have for work
related to the review of the mercury emission inventory. We will be pleased to provide a scope
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of work and cost estimate for any additional tasks that arise during the course of the study.
(RFP, Section lll.A, Task 8)

Mercury Deposition Modeling (RFP, Section I11.B)

In this section of the proposal we provide the technical approach for the mercury deposition
modeling as outlined in Section Ill, B. of the RFP.

Understanding the Objectives and Requirements of the Modeling
Study

The mercury deposition modeling is a key component of this study. It will provide for an improved
understanding of the mercury issues in Virginia by quantifying the contribution of emissions
sources to mercury deposition and examining the fate of mercury emissions from selected
sources located within the Commonwealth. Once the modeling platform has been established and
tested for the base year, it will be used to examine future-year scenarios and the effectiveness of
control measures in reducing mercury deposition. The modeling will also provide quantitative
estimates of deposition that will allow VDEQ to link the analysis of mercury emissions and the
assessment of the impacts of airborne mercury on fish tissue and human health. The modeling
analysis also includes the development of a conceptual description of mercury deposition, which
will improve the overall understanding of the mercury problem and the relationships between
meteorology and mercury deposition. (RPF, Section 111.B)

Atmospheric modeling provides an analytic method for quantifying the contributions from
sources of airborne mercury to mercury deposition. Regional-scale modeling is especially well
suited to quantify the global, national, and regional contributions to mercury deposition in a
given area. At the local scale, other methods such as high-resolution modeling or Gaussian
modeling may be needed to quantify the impacts of local sources on a given body of water or
hydrologic zone. (RPF, Section 111.B)

For this study, we recommend a combination of grid-based regional-scale modeling and
Gaussian modeling to examine the different factors and types of emissions sources contributing
to mercury deposition in Virginia. For the regional-scale modeling, we propose to use the
Community Multi-scale Air Quality (CMAQ) model and, in particular, the CMAQ Particle and
Precursor Tagging Methodology (PPTM) to quantify source contributions and guide the control
strategy assessment. PPTM allows one to track or tag mercury emissions from selected
sources, and quantify their contribution to mercury deposition throughout a modeling domain
and simulation period. We have used this approach in several recent studies to estimate the
contribution to mercury deposition at selected locations throughout the U.S. from a variety of
source regions, source categories, and individual sources. For example, we have used PPTM to
estimate the contribution of boundary conditions, in-state versus out-of-state sources, and
selected point sources of mercury air emissions to Devil’s Lake, Wisconsin, the Chesapeake
Bay, and selected areas in each of the contiguous 48 states. (RPF, Section 111.B)

We recognize that regional, grid-based models, which are typically applied using 12- to 36-km
horizontal grid resolution, may not be able to sufficiently resolve and simulate the effects of local
sources on nearby bodies of water. Consequently, we also recommend the use of the AERMOD
Gaussian modeling system — both as a screening tool to identify sources for PPTM and to help
quantify local (sub-grid-scale) contributions and effects. (RFP, Section 111.B)

The technical approach to each mercury deposition modeling task follows. (RFP, Section 111.B)
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Task 1. Conceptual Model

A “conceptual model” or “conceptual description” will be developed to characterize the key
mercury deposition issues for Virginia in terms of geographic extent, severity, meteorological
influences, and emissions sources. The key questions to be addressed in the conceptual
description are listed in the RFP and include:

1. What are the specific meteorological parameters that influence mercury deposition in
Virginia in the order of importance?

2. Is the mercury deposition problem primarily a local one, or are regional, national, and
global factors important?

3. Are there any characteristic spatial patterns of mercury deposition?

4. Are there discernable trends in mercury deposition and are they accompanied by recent
changes in emissions?

5. What past mercury modeling has been performed for Virginia and to what extent are the
results consistent with the present study?

We will add the following questions to this list:
6. Are there any characteristic temporal (seasonal) patterns of mercury deposition?

7. To what extent are the trends in mercury deposition (from Question 4 above) associated
with trends in meteorological conditions?

8. What do the results of recent mercury modeling of Virginia indicate regarding the relative
importance of wet versus dry deposition, and regarding the species distribution of the
deposition?

Our approach to the development of a conceptual description for mercury deposition will include
analysis of mercury deposition, meteorological, and emissions data as well as examination of
prior modeling results, with emphasis on the most recent national-scale mercury modeling
analysis that we are currently completing for the EPA Office of Water (OW). (RFP, Section III.B,
Task 1)

As a starting point in this analysis, we will assemble available mercury deposition data for sites
in Virginia and several nearby and surrounding states (North Carolina, Tennessee, Kentucky,
West Virginia, Pennsylvania, Maryland, Delaware, and New Jersey) for the period 2000-2005.
This will include data from the Mercury Deposition Network (MDN) available from the National
Acid Deposition Program (NADP) as well as any special studies that have been conducted.
There are currently three MDN sites located in Virginia, in Shenandoah National Park, Culpeper,
and Harcum. The period of record for the MDN data is late 2002 to present for the first two sites
and approximately 2005 to present for the Harcum site. Each measurement of wet deposition
represents a seven-day period. We will also assemble available meteorological data for surface
and upper-air meteorological monitoring sites collocated with or near to the Virginia mercury
monitoring sites, and will calculate meteorological summary parameters that describe the
conditions over each seven-day period represented by the mercury observations. The summary
parameters will include, for example, total rainfall, number of days with rainfall, maximum 24-hr
rainfall, average daily maximum and minimum temperatures, average relative humidity, average
wind speeds, frequency of occurrence of wind directions, and a recirculation index. We will
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prepare graphical and tabular summaries that will provide an overview of the data and highlight
key features/components of the datasets, such as the regional (site-to-site) differences in the
seasonal and annual deposition values, corresponding seasonal and annual rainfall totals, and
year-to-year variations in the deposition amounts and meteorological conditions. (RFP, Section
lll.B, Task 1)

As part of this task, we will use the Classification and Regression Tree (CART) analysis
technique to probe the relationships between mercury deposition and meteorology. CART analysis
(Brieman et al., 1984; Steinburg and Colla, 1997) is a statistical analysis tool that can be used to
identify relationships between mercury deposition and meteorological parameters. CART
accomplishes this through the development of a classification tree, in which the branches of the
tree represent different types of meteorological conditions that lead to different values of
mercury deposition. In constructing the classification tree, CART also determines the relative
importance of the meteorological parameters to deposition. In addition, the frequency of
occurrence of the conditions associated with each classification group (representing a
deposition amount) can be determined. (RFP, Section I11.B, Task 1)

In the context of this study, the CART results will be used to refine the conceptual description for
mercury deposition for each monitoring site. CART will provide information on the different
combinations of meteorological parameters that lead to different amounts of mercury deposition,
the relative importance of the various meteorological parameters, and the frequency of
occurrence of the conditions associated with each deposition classification group. (RFP, Section
lll.B, Task 1)

The CART results will also be used to examine and distinguish between the effects of
meteorology and the effects of emissions changes on observed changes in mercury deposition.
Year-to-year variations in observed mercury deposition amounts will be compared with year-to-
year variations in the meteorological conditions (and specifically the frequency of occurrence of
the different types of meteorological conditions affecting mercury deposition). We will account
for the effects of meteorological variations before attempting to reconcile any trends in observed
deposition amounts to changes in emissions. (RFP, Section I11.B, Task 1)

We will also use existing modeling results to further develop our understanding of the
characteristics of mercury deposition in Virginia. The ICF air quality modeling group is just
completing a modeling study for the EPA OW involving the analysis and tracking of airborne
mercury emissions (Myers et al., 2006). We have used the REMSAD modeling system along
with the PPTM approach to tag and track emissions from approximately 300 sources throughout
the contiguous 48 U.S. states and have examined the contribution of these emissions to
mercury deposition in each state. We have also incorporated PPTM for mercury into the CMAQ
model and as part of this study are comparing the REMSAD PPTM results with the CMAQ
PPTM results. We will conduct some additional analysis of the results from the EPA-sponsored
study to obtain preliminary model-based information on the spatial distribution of mercury
deposition, the relative importance of wet versus dry deposition at the monitoring sites and
within selected areas of interest in Virginia, the speciation characteristics of the simulated
deposition, and the sources contribution to the simulated deposition. Some sample results
summarizing the characteristics of and contributions to total annual mercury deposition for
Chickahominy Lake and the Great Dismal Swamp are provided in Figures 2-3 and 2-4. (RFP,
Section I11.B, Task 1)
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Figure 2-3. Summary of Mercury Tagging Results for Chickahominy Lake, Virginia.
Simulated Annual Hg Deposition for 2001 for Chickahominy Lake (1=375, J=168): 21 kg/ha
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Figure 2-4. Summary of Mercury Tagging Results for the Great Dismal Swamp, Virginia.
Simulated Annual Hg Deposition for 2001 for Great Dismal Swamp (=380, J=161): 19.7 kg/ha
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The "Collective Sources" tag for each state includes all point and area sources in the state that are not individually tagged.

It is expected that our prior modeling work will greatly benefit the proposed study, both in the
development of the conceptual model as well as the modeling tasks discussed later in this
section. (RFP, Section IlI.B, Task 1)

The conceptual model will be documented in a project report for review and approval by VDEQ
prior to conducting the modeling. The conceptual model will be used to guide 1) the selection of
an appropriate modeling system for this study, 2) the selection of an appropriate simulation
period and model input databases, and 3) the evaluation and interpretation of the modeling
results. (RFP, Section I11.B, Task 1)

Task 2: Modeling Protoco/

In this task, we will prepare a modeling protocol that will provide a basis for all participants to
review and comment on all aspects of the modeling analysis including the modeling tools and
databases, modeling domain and simulation period, modeling procedures, quality assurance
procedures, schedule, and communication structures. The protocol will be used to guide the
progress of the modeling analysis and any decisions that need to be made as the work is
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progressing. Although there are no current guidelines for mercury modeling, we will design the
modeling protocol and the modeling practices to be consistent, wherever applicable, with current
EPA guidelines for ozone and particulate modeling (EPA, 2006). (RFP, Section III.B, Task 2)

An initial version of the protocol document will be developed for review and approval by VDEQ
prior to conducting the modeling. It will be revised to document decisions made during the
project, and finalized for inclusion in the final report. (RFP, Section III.B, Task 2)

Because of the limited time available for conducting this modeling analysis, we will work with
VDEQ to outline the modeling approaches and address some of the key decisions before
preparing the initial protocol document. The key decisions to be addressed early on include 1)
specification of the modeling tools and databases, modeling domain, and simulation period (see
Task 3 description for more discussion of these topics), 2) model performance evaluation
procedures and criteria (see Task 4 description for more discussion), and 3) identification of
mercury air emissions sources for tagging and Gaussian modeling (see Task 5 description for
more discussion). (RFP, Section III.B, Task 2)

Task 3: Model Sensitivity Analysis

Mercury is a complex pollutant to simulate, in part because transport of mercury in the
atmosphere involves many different scales. At the global scale, mercury is known to reside in
the atmosphere for long periods of time and is transported around the globe in its elemental
form. At the regional and local scales, divalent forms of mercury emitted from sources can have
impacts downwind, in some cases immediately downwind, of those sources. Thus modeling of
mercury deposition must account for the global, regional, and local components. (RFP, Section
I11.B, Task 3, paragraph 1)

The chemistry of mercury formation also contributes to the complexity required of mercury
deposition modeling. Mercury exists in the atmosphere in an elemental form and in a number of
different compounds. These various forms of mercury react with other species in the
atmosphere resulting in a cycling of the airborne mercury among the different forms. (RFP,
Section Ill.B, Task 3, paragraph 1)

Our proposed approach for mercury deposition modeling for Virginia accounts for the different
scales and chemical interactions through the combined use of a state-of-the-science regional
modeling system with source-contribution-assessment capabilities, specification of boundary
conditions for the regional model based on global modeling, and a Gaussian model for the
detailed assessment of local contributions. (RFP, Section Il1.B, Task 3, paragraph 1)

The schedule for the project requires the entire modeling analysis to be completed within less
than approximately 11 months (assuming a start date for the project of December 1, 2006 or
later). Thus, our proposed approach also includes the use of existing modeling databases and
tools. (RFP, Section Ill.B, Task 3, paragraph 1)

This task will focus on configuring the modeling system and ensuring the suitability of the

databases for the application for Virginia. In the remainder of this task description, we address
modeling system and database selection and the use of model sensitivity analysis to establish
the model configuration and application procedures. (RFP, Section Ill.B, Task 3, paragraph 1)

Modeling System and Database Selection

Different types of models are designed for different scales and purposes. Gaussian models are
able to resolve impacts near a source, but are not the best choice for longer range transport and
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for cases involving complex chemical reactions. Grid models such as CMAQ and REMSAD are
well suited to treating the influences of many emissions sources and incorporate complex
chemical mechanisms. However, effects smaller than the size of a grid cell may not be resolved
by these models. (RFP, Section III.B, Task 3, paragraph 1)

To account for the different scales as well as the important chemical interactions, we propose to
use a two-tiered hybrid approach to the modeling. (RFP, Section I11.B, Task 3, paragraph 1)

At the regional scale, we propose to use the Community Multi-scale Air Quality (CMAQ)
modeling system. The CMAQ model is a state-of-the-science, regional air quality modeling
system that is designed to simulate the physical and chemical processes that govern the
formation, transport, and deposition of gaseous and particulate species in the atmosphere. The
CMAQ modeling system supports the detailed simulation of mercury (Hg), including the
emission, chemical transformation, transport, and wet and dry deposition of elemental, divalent,
and particulate forms of mercury. (RFP, Section 111.B, Task 3, paragraph 1)

We have enhanced the CMAQ modeling system recently to include the Particle and Precursor
Tagging Methodology (PPTM) for mercury (Douglas et al., 2006). This methodology is designed
to provide detailed, quantitative information about the contribution of selected sources, source
categories, and/or source regions to simulated mercury concentrations and (wet and dry)
deposition. Mercury emissions from selected sources, source categories, or source regions are
(numerically) tagged and then tracked throughout a simulation, and the contribution from each
tag to the resulting simulated concentration or deposition for any given location can be
quantified. By tracking the emissions from selected sources or source locations, the
methodology also provides information on the fate of the emissions from these sources. (RFP,
Section Il.B, Task 3, paragraph 1)

To support the application of CMAQ, we currently have multiple sets of global model simulation
results that can be used to provide boundary concentrations for a national- (or continental-)
scale simulation of mercury. These are discussed in more detail in the next subsection. (RFP,
Section Il1.B, Task 3, paragraph 1)

At the local scale, we propose to apply the most recent version of the EPA Gaussian model
AERMOD. The AERMOD modeling would be performed for selected point sources in the
Virginia emissions inventory (these would be selected based on the results of the emissions
data analysis and may include up to 100 sources). We propose to use AERMOD to screen the
mercury emissions sources and to determine which have the potential to impact areas outside
the vicinity of the source. This screening step would provide the maximum expected impact from
each source based on the directly emitted divalent forms of mercury. We will also use AERMOD
(in Task 5) to simulate the effects of local emission changes for selected areas and sources.
(RFP, Section 1l1.B, Task 3, paragraph 1)

This combination of modeling tools will allow us to address the variety of factors influencing
mercury deposition in Virginia. (RFP, Section III.B, Task 3, paragraph 1)

In order to apply the modeling tools, we will also need to obtain or prepare input databases to
represent the emissions, meteorology and geographic characteristics of the selected modeling
domain and simulation period. We propose to apply the CMAQ model for the modeling domain
illustrated in Figure 2-5. This domain includes the contiguous 48 states and supports 12-km
horizontal grid resolution over Virginia. (RFP, Section III.B, Task 3, paragraph 1)
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Figure 2-5. CMAQ 36- and 12-km Nested-Grid Modeling Domain.
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We also propose to use the meteorological inputs used by EPA for the CAMR modeling, and
recently updated to 12-km resolution. The meteorological inputs were generated using the Fifth
Generation Pennsylvania State University/National Center for Atmospheric Research
(PSU/NCAR) Mesocale Model (MM5). These meteorological inputs are for the year 2001, so the
proposed annual simulation period is 2001. We reviewed these meteorological fields as part of
our on-going work for the EPA OW and found that they provide a reasonable representation of
the wind, temperature, and precipitation patterns for most areas in the U.S., including the
Virginia area. (RFP, Section III.B, Task 3, paragraph 1)

For example, Figure 2-6 shows the variation in monthly mean rainfall amounts, observed and
simulated by MM5 for the Baltimore/Washington area for 2001. The month-to-month variations
and rainfall amounts are generally well represented. (RFP, Section Il11.B, Task 3, paragraph 1)

Figure 2-6. Monthly Average Rainfall amount (in)
Based on Observed and Simulated Daily Precipitation Values (2001).

Baltimore

|——Obs —=—MMs5 |

A\ [t

o
N

Daily Avg Rainfall (in)
o

0
1 2 3 4 5 6 7 8 9 10 11 12
Month
ICF International 23 Commonwealth of Virginia Department of Environmental Quality
06-098 November 10, 2006

Use of or disclosure of data contained on this sheet is subject to the restrictions on the title page of this Proposal (RFP Ne 07-03-JW).



Virginia Mercury Study

While the availability of meteorological inputs for CMAQ is an important consideration in
selecting the simulation period, the lack of unusual meteorological conditions (such as the low
rainfall conditions that characterized 2002 in Virginia and surrounding states) also makes 2001
a good year for modeling. Corresponding meteorological inputs for AERMOD for 2001 will be
developed using observed data. (RFP, Section Ill.B, Task 3, paragraph 1)

For the emissions inputs, we propose to use the 2001 mercury emissions inventory that we are
currently using for our mercury modeling analysis for the EPA OW (Myers et al., 2006). This
inventory is based on the latest mercury emissions available from EPA, which is for 2001. We
will update this inventory with any new information obtained as part of the work completed as
part of the mercury emissions inventory review, discussed under Section A of the RFP.
Although the Virginia updates will be for 2002, we feel that combining the 2001 national-scale
inventory with 2002 Virginia updates will provide the best mercury emission inventory for the
modeling, given the desire to leverage off of existing modeling databases and the constraints on
the schedule. In addition to updating Virginia sources, as part of our ongoing work for the EPA
OW, we prepared summaries of the emissions for each state, provided them to state and
regional offices for review, and incorporated all of the updates and corrections that we received
into the inventory. We will use this improved inventory for the Virginia modeling analysis. We will
prepare the model-ready emissions for CMAQ using the SMOKE emissions processing program
and will apply our standard quality assurance procedures to the emissions processing. Note that
these will be described in the Quality Assurance Project Plant (QAPP) prepared under Task 6
(Part A). (RFP, Section I11.B, Task 3, paragraph 1)

Sensitivity Simulations

To a large extent, model configuration for CMAQ will have been determined by the selection of
the meteorological databases. Consequently, sensitivity simulations geared at model
configuration will focus mainly on the application of AERMOD. We will design a series of tests to
determine which of the parameter settings are best suited for mercury deposition and we will
explore how to maximize consistency between the AERMOD and CMAQ models. Final
recommendations on the configuration of both modeling systems will be provided to VDEQ for
review and approval. (RFP, Section III.B, Task 3, paragraph 1)

Following the establishment of the modeling platform, we will identify potential weaknesses in
the model input fields and design and conduct sensitivity simulations to examine the effects of
these weaknesses or uncertainties. For example, we may examine the sensitivity of the CMAQ
simulation results to the three different estimates of boundary concentrations that are currently
available. We may also examine the potential for changes in speciation in the boundary
conditions to affect the simulation results. (RFP, Section Il.B, Task 3, paragraph 2)

The understanding of the atmospheric chemistry of mercury is still evolving. Therefore, if the
literature search from Task A-3 reveals new developments in the formulation of the mercury
chemistry, ICF will consider sensitivity simulations to investigate the potential effects of new
reactions, speciation, deposition rates, or other factors affecting the estimation of mercury
deposition. (RFP, Section III.B, Task 3, paragraph 2)

Based on the results of the above studies, ICF will recommend a final model configuration. Any
suggestions for changes to the inputs will also be provided. (RFP, Section II.B, Task 3,
paragraph 3)

The result of this task will be a draft technical summary of the modeling platform selection and
model sensitivity analysis. A final version of this document will incorporate/address comments
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from VDEQ and will be incorporated into the modeling protocol. (RFP, Section I11.B, Task 3,
paragraph 4)

7ask 4: Model Performance Evaluation

In this task, we will use available data and some innovative data analysis techniques to evaluate
model performance for mercury deposition. We first discuss the available data and then present
our approach to model performance evaluation. (RFP, Section Il1.B, Task 4, paragraph 1)

Data Availability

Mercury wet deposition data for Virginia are available for two Mercury Deposition Network
(MDN) monitoring sites, Shenandoah National Park and Culpeper, beginning in October and
November 2002, respectively. Additional data are also available for the Harcum site (in coastal
Virginia) beginning in December 2004. (RFP, Section Ill.B, Task 4, paragraph 1)

Mercury deposition data are also available for several surrounding states, within and adjacent to
the Mid-Atlantic region. The period of record for these sites varies, and there are several sites in
Pennsylvania, North Carolina, South Carolina that have data for 2001. Sites in Arendtsville,
Pennsylvania, Pettigrew State Park, North Carolina, and Waccamaw State Park, North Carolina
are likely most representative, based on proximity and/or similar geographical features, to the
areas of interest in Virginia. In particular, Pettigrew State Park, near the Albermarle Sound, may
be representative of coastal Virginia. (RFP, Section III.B, Task 4, paragraph 1)

These data will have been obtained and processed in Task 1, for the period 2000-2005, in
accordance with their availability. In addition, we have already obtained and worked with data for
2001 for all sites in the U.S. We will use all available observations for the model domain and
region for 2001 for the direct calculation of model performance statistics. We will also use the data
for 2003-2005 for sites in Virginia and throughout region to estimate deposition for 2001 at the
Virginia monitoring sites. The estimated deposition values will then be used to further evaluate
model performance for sites in Virginia. (RFP, Section II.B, Task 4, paragraph 1)

Estimating Deposition for 2001 for the Virginia Monitoring Sites

We will use the results from the CART analysis conducted in Task 1 to estimate deposition for
2001 for the Virginia monitoring sites. Specifically, we will classify each seven day period in
2001 according to the observed meteorological conditions and determine the corresponding
CART-based classification group. We will assign the average mercury deposition for the
grouping (the average over all other periods in the classification group) to the 2001 weekly
period. We will do this for each period for the entire year of 2001 and then use the weekly
mercury deposition values to estimate seasonal and annual deposition amounts. The key
assumption here is that observed mercury deposition for the later years can be used to estimate
deposition for 2001 under similar meteorological conditions. Applying this assumption on a
weekly basis allows us to account for the variable effects of meteorology throughout the year.
We have used a similar approach for the EPA OW, in order to estimate annual mercury
deposition for a ten-year period (Douglas et al., 2003). EPA then used these values for water
quality modeling and estimating fish tissue concentrations (RFP, Section IlI.B, Task 4,
paragraph 1)

In order to confirm the reasonableness of these results, we will also apply this same method for
two additional sites with longer term records. We propose the Arendtsville and Pettigrew State
Park sites for this assessment. Ratios in the annual average emissions (for example,
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2003/2001) for these and other sites will also be examined and compared with those for the
Virginia sites using the estimated data to ensure that the CART-derived estimated values are
reasonable. (RFP, Section III.B, Task 4, paragraph 1)

Assessment of Model Performance

In this section, we present our approach to model performance evaluation for both the CMAQ
and AERMOD models. Following EPA guidance for evaluating model performance, we will
examine 1) whether each model is able to replicate observed (and estimated) mercury
deposition data, and 2) whether the response of the model to changes in mercury emissions is
reasonable. (RFP, Section III.B, Task 4, paragraph 1)

For the CMAQ model, we will compare the simulated total wet deposition of mercury with actual
and estimated data for the MDN monitoring sites. We will compare simulated and observed wet
deposition for each site and the average over all sites within 1) the full domain, 2) the mid-
Atlantic region, and 3) Virginia. (RFP, Section III.B, Task 4, paragraph 2)

A variety of statistical measures will be used to quantify model performance. These will include
Mean observed deposition = 1/N >0,
Mean simulated deposition = 1/N S,
Normalized bias (expressed as percent) = 100 -1/N 2 (S, - O))/ O,
Normalized gross error (expressed as percent) = 100 -1/N X |S;— O||/ O
Fractional bias (expressed as percent) = 200 -1/N 2. (S,— O))/ (S, + O))
Fractional error (expressed as percent) = 200 -1/N X |S,— O/ (S, + O)
Mean residual = 1/N X (S, - O))
Mean unsigned error = 1/N X |S, — O}
Coefficient of determination (R?) =

(X S1 0 - XS ZO/N)? /[ (ZOF = (X0)?/N) - (£SF = (ZS)°/N) |

Where S is the simulated concentration, O is the observed concentration, and N is the number of
simulation-observation pairs used in the calculation. Statistical measures will be calculated on a
seasonal and annual basis. (RFP, Section I11.B, Task 4, paragraph 2)

Plots and graphics will also be used to assess the reasonableness of the results. Spatial plots of
the simulated and observed values will be used to qualitatively assess the ability of the model to
emulate the spatial deposition patterns. Monthly time-series plots comparing these same values
at the monitoring sites will be used to determine whether the timing and magnitude of the
simulated values matches the observations. Scatter plots will also be used to graphically
compare the simulated and observed deposition values. (RFP, Section I11.B, Task 4, paragraph
2)

An example spatial plot showing CMAQ simulated mercury dry deposition for July 2001 is
provided in Figure 2-7. An example scatter plot comparing REMSAD-simulated and observed
mercury wet deposition for all monitoring sites in the U.S. for a 2001 model application is
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provided in Figure 2-8. This particular example indicates that mercury deposition is slightly
overestimated by the REMSAD model. (RFP, Section Ill.B, Task 4, paragraph 2)

Figure 2-7. Example CMAQ PPTM Mercury Tagging Results for June 2001:
Dry Deposition (g km™).
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Figure 2-8. Simulated and Observed Annual Total Wet Deposition of Mercury for 2001.
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As part of the model performance evaluation, we will examine the response of the model for the
sensitivity simulations conducted in Task 3. For example, we will ensure that the model
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responds in a reasonable way (based on our current knowledge of mercury chemistry and
transport) to changes in the boundary conditions and changes in the speciation profiles of the
emissions and /or boundary conditions. We will use PPTM as a probing tool and examine the
PPTM results from Task 6 to verify that the contributions from selected emission sources are
commensurate with the locations and emissions of the sources as well as the prescribed
meteorological conditions. (RFP, Section III.B, Task 4, paragraph 3)

For AERMOD, we will conduct a limited performance evaluation to assess whether the model is
able to simulate the deposition distributions and maximum values represented by the observed and
estimated data. As for CMAQ, we will examine the response of the model for the sensitivity
simulations conducted in Task 3 to ensure that the model responds in a reasonable way (based
on our current knowledge of near-source mercury deposition) to changes in the meteorological
and emissions inputs. (RFP, Section IlI.B, Task 4, paragraphs 2 and 3)

Model Performance Goals

In keeping with current EPA guidance on model performance evaluation for other pollutants, we
will use a “weight-of-evidence” approach to determine whether model performance for both
CMAQ and AERMOD is good enough for use in future-year modeling and control measure
assessment. For CMAQ, this will be based on the statistical performance measures, the
response of the model to changes in the inputs, and the reasonable of the PPTM contribution
results. For AERMOD, this will be based on the comparison of simulated and estimated data —
particularly the distribution and maximum values. We will also compare the CMAQ and
AERMOD results to assure that the simulated local contributions from AERMOD bound the
CMAAQ results, as they are expected to be more likely to represent the maximum impact from
directly emitted divalent forms of mercury from a source. (RFP, Section 111.B, Task 4,
paragraphs 2 and 3)

The model performance evaluation task will be documented in a draft technical report. A final
version of this document will incorporate/address comments from VDEQ and will be
incorporated into the full mercury deposition modeling report developed under Task 6. (RFP,
Section Il.B, Task 4, paragraph 4)

Task 5: Modeling Simulations

In this task we will use both the CMAQ and AERMOD models to examine the contributions of a

variety of sources to mercury deposition to Virginia’s “impaired” water bodies. (RFP, Section
l11.B, Task 5, paragraph 1)

Baseline Modeling

As a first step in the modeling we will conduct several simulations using the baseline 2001
emissions inventory. The RFP lists several simulations to assess contributions of various source
sectors to mercury deposition to water bodies in Virginia, and we will use CMAQ to simulate
each of these scenarios. (RFP, Section Ill.B, Task 5, paragraph 1)

The first scenario will examine and quantify the contributions from mercury air emissions sources
in 1) Virginia, 2) the mid-Atlantic region (or selected neighboring states), 3) all other U.S. states,
and 4) Canada and Mexico, as well as the contribution from 5) global emissions sources. As
noted earlier, ICF plans to use the CMAQ Particle and Precursor Tagging Methodology (PPTM),
which efficiently estimates the contributions of several sources, source regions, or source
categories in a single simulation. The contributions from a variety of different sources can be
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estimated in a fraction of the time it would take to run a separate simulation for each. We will
assign tags to each of the five regions/categories listed above. An initial/lboundary condition tag
will represent the global impact on deposition. This set of tags provides estimates of Virginia,
regional, national, and global impacts on deposition for any location (grid cell or group of grid
cells) within the state or the modeling domain. (RFP, Section 111.B, Task 5, paragraph 1)

The second scenario will quantify the contributions from Electric Generating Unit (EGU) and non-
EGU facilities in Virginia. We will tag 1) all of Virginia’s EGU sources and separately 2) all of the
non-EGU sources in the state. The results will allow VDEQ to quantify and compare the
contributions from these two source sectors to mercury deposition for any location (grid cell or group
of grid cells) within the state or the modeling domain. (RFP, Section III.B, Task 5, paragraph 1)

The third CMAQ scenario will examine the contributions from other sources that, based on the
original AERMOD screening test in Task 3, were identified to have potential impacts on mercury
deposition outside of their immediate vicinity (potential non-local or regional impacts). This
scenario may involve more than one CMAQ simulation, since currently each CMAQ PPTM
simulation can include up to seven tags. These results will allow VDEQ to quantify the
contributions from facilities with a potential regional influence, extending across a large portion
of the state. (RFP, Section I11.B, Task 5, paragraph 1)

Finally, to conclude the baseline modeling, we will apply AERMOD to those sources that were
identified in Task 3 to have significant local impacts on one or more of Virginia’s “impaired”
water bodies. These results will allow VDEQ to quantify the contributions from individual

sources with a potentially significant local impact. (RFP, Section III.B, Task 5, paragraph 1)

Any changes to the inputs or emissions incorporated as a result of the diagnostic and sensitivity
testing and performance evaluation (Tasks 3 and 4) will be reflected in the baseline application
of CMAQ and AERMOD. We will provide the baseline emissions to VDEQ for review and
approval prior to conducting the baseline modeling. (RFP, Section Ill.B, Task 5, paragraphs 1
and 3)

The CMAQ PPTM results will be displayed in a variety of graphical and tabular formats. Spatial
plots depicting the contributions from each of the tagged sources or source categories will be
prepared. An example of this type of plot is shown in Figure 2-9. Of course, plots for the
proposed study would focus in on Virginia. (RFP, Section 1l.B, Task 5, paragraph 1)
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Figure 2-9. Example CMAQ PPTM Mercury Tagging Results for June 2001:
Contribution to Mercury Deposition from EGU Sources (g km'z).
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We will also work with VDEQ to assemble a list of water bodies and hydrologic zones and will
conduct a detailed analysis of the results for these areas. Specifically, we will prepare tabular
summaries of the results, including total deposition, total wet and dry deposition, deposition by
species, and contribution by source and/or source category for each of the areas of interest. In
addition to the tabular summaries, we will also display the results in a manner similar to that
presented in Figures 2-1 and 2-2. (RFP, Section I1I.B, Task 5, paragraph 1)

The AERMOD results of the local contributions will be summarized using tables as well as pie
and bar charts similar to those presented in Figures 2-1 and 2-2. (RFP, Section Ill.B, Task 5,
paragraph 1)

Future-Year Emission Inventory Preparation

To support the future year modeling, we will prepare model-ready future year emission
inventories. These will be prepared for 2010, 2015, and 2018 using the projected emissions
from the emissions data analysis component of the project. This will include the use of the
Integrated Planning Model (IPM) to estimate future-year EGU emissions. We will provide the
project future-year emissions, including growth and control assumptions, to VDEQ for review
and approval prior to conducting the future year modeling. (RFP, Section III.B, Task 5,
paragraphs 2 and 3)

Emissions for AERMOD will be directly obtained from these estimates. For CMAQ, the model-
ready emissions will be processed using the SMOKE emissions processing program. We will
apply our standard quality assurance procedures, as described in the QAPP, to the emissions
processing. (RFP, Section Ill.B, Task 5, paragraphs 2 and 3)

The future-year emissions will reflect the CAMR for all states. For Virginia, the future year
emissions will include the requirements of the state-specific rules that are being developed in
conjunction with the Virginia General Assembly (HB1055). This is discussed in more detail as
part of Task 2 of the emissions data analysis. (RFP, Section Ill.B, Task 5, paragraphs 2 and 3)
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We will work with DEQ to translate these rules and provisions into emissions estimates and
incorporate them into the future-year emission inventories, staging them as appropriate, for
each future year. (RFP, Section Ill.B, Task 5, paragraphs 2 and 3)

Future-Year Modeling

The future-year modeling exercises will include the same CMAQ PPTM and AERMOD runs as
the baseline simulations. For each future year, we will examine the simulated change in mercury
deposition, overall and from each tagged or modeled source or source category. The use of the
PPTM methodology will enable us to attribute the future-year reductions in mercury deposition
for each area of interest to the specific tagged sources or source categories. Graphical and
tabular summaries of the results will be prepared. (RFP, Section Ill.B, Task 5, paragraph 2)

Our analysis of the results will focus on the effectiveness of the various measures and
emissions changes in reducing future-year mercury deposition. Given the uncertainties
associated with mercury deposition modeling, we will emphasize the relative changes in
deposition associated with the emissions changes for each source and source category in our
analysis of the results. (RFP, Section 111.B, Task 5, paragraph 2)

Task 6. Mercury Deposition Modeling Report

This task will cover the preparation of the documentation for the study. The report will summarize the
data, methods, and results of the study. A portion of the report will be devoted to a discussion of the
uncertainties and limitations associated with the methods and the modeling results, based on known
data limitations, input preparation assumptions, model formulation and modeling assumptions, model
performance, and differences between the CMAQ and AERMOD results. As noted earlier, this report
will include revised, updated versions of draft report sections prepared as part of Tasks 3 and 4. (RFP,
Section Ill.B, Task 6, paragraph 1)

The report will contain an executive summary, technical details of all aspects of the modeling
analysis, a discussion of the uncertainties and limitation of the results, and information on how
to access and utilize the modeling datasets. The report will contain a variety of graphical
summaries of the inputs and results including, as required in the RFP, maps illustrating
simulated mercury deposition, stationary source emissions, and fish consumption advisory
information for each of the future-year analyses. (RFP, Section I11.B, Task 6, paragraph 1)

We will develop and submit an outline for the report for review by VDEQ prior to preparation of
the draft report. Draft and final versions of the report will be prepared. The final report will be
incorporate and address comments by VDEQ and will be completed within four weeks of receipt
of the comments. (RFP, Section Ill.B, Task 6, paragraphs 2 and 3)

Task 7: Data Archival and Transfer of Inventory Files

All of the data, data files, and software required to corroborate the results and findings of the
study will be provided to VDEQ in an approved electronic format. As noted in the RFP, we may
utilize ftp methods for transfer of smaller files and will use portable disk drives for the transfer of
larger files and/or the complete database. (RFP, Section III.B, Task 7)

Task 8: Quality Assurance Plan

The QAPP covering both the emissions inventory review and deposition modeling work will be
prepared as one document as part of Section A, Task 6. (RFP, Section Ill.B, Task 8)
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Task 9: Project Management

As discussed in Section 3 of the proposal document, the proposed project manager for the
mercury deposition analysis is Mr. Jay Haney. Mr. Haney has more than 27 years of experience
in the conduct and management of meteorological, emissions, and air quality data analysis and
modeling studies. He is a Vice President with ICF International with the authority to utilize all of
the resources of our firm to ensure the high quality, effective, timely, and efficient completion of
the proposed study. As discussed in our capabilities statement, Mr. Haney has successfully
managed more than 25 studies that are similar to the size and scope of the proposed effort. He
will be responsible for the:

Day-to-day management of all technical tasks.
e Technically sound and efficient completion of each task and the entire project.

o Communication with the VDEQ, including the exchange of ideas and information and prompt
responses to questions from VDEQ.

¢ Development and refinement of the project scope of work in cooperation with VDEQ and
other project participants

o Conformity with the modeling protocol and implementation of the QAPP
e Resolution of any technical and project-management-related issues.

¢ Quality and timeliness of all project deliverables.

As part of this task, Mr. Haney and other scientists from ICF will participate in biweekly (or as
needed) conference calls and up to four one-day project meetings covering the emissions data
analysis and modeling work. (RFP, Section III.B, Task 9, paragraphs 1 and 3)

During the first month of the project, ICF will prepare a work plan that includes the objectives,
scope, budget, and schedule for each task. The work plan will be revised as needed during the
course of the project to reflect progress to date and to ensure a successful completion of the
project. (RFP, Section III.B, Task 9, paragraph 2)

Each month progress will be evaluated against this work plan and summarized in a written
status report to VDEQ. The status reports will provide a detailed discussion of work
accomplished during the report period, results achieved during the reporting period, problems
encountered and how they were resolved, and planned activities for the next two months. The
status report will also include a summary of expenditures for the period and cumulative
expenditures for the project. (RFP, Section Ill.B, Task 9, paragraph 2)

Task 10: Other Tasks Not Assigned

ICF will be pleased to provide a scope of work and cost estimate for any additional tasks that
arise during the course of the study. (RFP, Section III.B, Task 10)
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3. Qualifications and Experience of the
Project Team (RFP, Sections 1V.B.3, V.B.1)

In this section, we summarize the qualifications and prior experience of the proposed project
team, with emphasis on recent projects related to mercury emission inventory development,
mercury deposition modeling, and data analysis. For portions A and B of the Virginia mercury
study, ICF International’s air quality modeling group will lead the effort and will be assisted by
members of ICF’s energy and risk assessment groups. ICF will be also be joined by LPES, Inc.,
a Virginia registered small business enterprise and Thruput, a Virginia registered woman-owned
business. An overview or the project team is provided below. This is followed by a summary of
the education and experience of the proposed project participants and a discussion of the
specific qualifications and roles/responsibilities of the core project team members. (RFP,
Section IV.B.3.)

Overview of the Project Team

ICF International (www.icfi.com) partners with government and commercial clients to deliver
consulting services and technology solutions in environment, energy, transportation, economics,
social programs, and homeland security. For more than 35 years, the ICF air quality modeling
and analysis group (formerly SAl) has been a leader in the development and use of advanced
analysis and modeling tools to support air quality assessments of primary and secondary pollutants.
In the area of air quality modeling, ICF scientists developed the Urban Airshed Model (UAM/UAM-V)
modeling systems and the particulate/aerosol model known as the REgional Modeling System for
Aerosols and Deposition (REMSAD). Much of our current work involves the further development
and application of the EPA Community Multiscale Air Quality (CMAQ) model. (RFP, Section
IV.B.3.)

Since 1997, ICF has been working with the EPA Office of Water to develop innovative air quality
modeling approaches to provide more refined estimates of atmospheric mercury (and nitrogen)
deposition for studies of the nation’s watersheds. This work has included incorporation of mercury
chemistry into the REMSAD model and the application of the model for selected annual periods.
The Office of Water has made it a priority to support the development of air quality modeling tools to
provide more accurate estimates of atmospheric deposition, because these estimates are critical
inputs to subsequent water quality modeling studies, uptake estimates, and health risk
assessments. ICF has been a leader in the effort to couple the capabilities of air quality models to
provide crucial pollutant deposition information for water quality modeling exercises conducted for
health risk assessments or Total Maximum Daily Load (TMDL) analyses. ICF has recently
conducted air quality deposition modeling for mercury TMDL assessments for Wisconsin, the
Everglades, Maryland, and various Louisiana water basins. (RFP, Section IV.B.3.)

To facilitate the model-based analysis of source contribution, ICF scientists have developed the
Ozone and Precursor Tagging Methodology (OPTM) and the Particle and Precursor Tagging
Methodology (PPTM). These techniques allow the contribution from tagged sources, source
categories, or source regions to be explicitly calculated for any location within the modeling
domain. As part of this ongoing work, ICF scientists originally implemented PPTM for mercury into
the REMSAD model and have recently added PPTM for mercury, sulfur, nitrogen, and particulate
species to the CMAQ model. In a study conducted in 2004, ICF scientists applied the REMSAD
model to assess atmospheric mercury deposition to the continental U.S., focusing on Devil’s Lake,
Wisconsin and the Everglades. In our current work for the Office of Water, ICF is applying both
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REMSAD and CMAQ (with PPTM) to estimate the impact of sources of mercury to the lower 48
states, including Virginia. (RFP, Section IV.B.3.)

During the past ten years, a key part of ICF’s air quality work has involved the use of statistical
analysis tools (including the Classification and Regression Tree (CART) software) to conduct
data analysis to guide and support modeling efforts. We have used the CART technique
extensively to investigate relationships between meteorology and observed ozone, PM, s,
visibility, and mercury in more than 25 different areas, including for the Virginia area. The CART
data analysis results have been used to evaluate air quality models, select representative
episodes for modeling, calculate meteorologically-adjusted trends, support “weight-of-evidence”
arguments for ozone SIPs, and develop ozone and PM, 5 forecasting tools for more than 15
different areas, including for Virginia and the mid-Atlantic states. We have also used CART
analysis to estimate annual mercury deposition for a multi-year period and provide inputs for
water quality modeling and estimating fish tissue concentrations. (RFP, Section IV.B.3.)

To support our full-service air quality modeling program, ICF’s capabilities also include emission
inventory preparation and quality assurance; meteorological modeling (in particular, the use of
MMS5 to prepare inputs for photochemical modeling), and database management. ICF scientists
have developed more than 200 emission inventories for air quality modeling, including national-
scale mercury inventories. We have also developed comprehensive database management
tools to support the integrated analysis of data and modeling results. For example, the Access
Database for Visualizing and Investigating Strategies for Ozone Reduction (ADVISOR) tool is
an interactive database tool that supports quick and easy access to the data and modeling
results by study participants, using graphical and tabular summaries and a variety of metrics.
(RFP, Section IV.B.3.)

In addition to our mercury modeling work for EPA’'s OW and other air quality data analysis and
modeling experience, ICF has also conducted other mercury-related assessments for various
offices of EPA including the Office of Policy, Economics, and Innovation related to the Clean Air
Mercury Rule (CAMR); the Office of Air Quality Planning and Standards for the preparation of the
1997 and 2000 Mercury Reports to Congress, the development and application of the TRIM.FaTE
modeling system for mercury, and the Great Waters Report to Congress; and the Office of
Research and Development, National Center for Environmental Research, for preparation of a
synthesis report to summarize progress in mercury research conducted under the FY99 Science
to Achieve Results (STAR) mercury grant program. (RFP, Section IV.B.3.)

Over the past 20 years, ICF’s energy markets group has provided a broad range of power
sector modeling and analytical support to air regulatory agencies, regional planning
organizations, state and local clients, non-governmental organizations and private industry. The
group currently supports the U.S. EPA Clean Air Markets Division in their air regulatory analysis.
Our support involves application of ICF’s Integrated Planning Model (IPM®) to analyze the
economics of alternative multi-pollutant emissions regulatory and legislative proposals. We have
supported EPA’s Clean Air Markets Division in all of their major air regulatory rulemakings and
related initiatives in recent years including the Clean Air Power Initiative; the NOx SIP Call;
Clear Skies; the recent the Clean Air Rules of 2004, including the interstate transport (CAIR),
visibility (CAVR) and mercury rules (CAMR); and analysis of proposed climate legislation. (RFP,
Section IV.B.3.)

We also provide support to several other organizations within EPA using IPM to address
questions on energy and environmental issues. We have provided support to the Office of
Water examining proposed water regulations, the National Center for Environmental Economics
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examining mercury issues, and the Climate Protection Partnership Division of EPA, examining
energy efficiency and fuel markets. We have recently supported the Clean Air Task Force; the
VISTAS, MidWest, CENRAP, and MANE-VU Regional Planning Organizations (RPOs); the
lllinois EPA, New York State Energy Research and Development Agency, and the National
Commission on Energy Policy on various analytic and modeling initiatives primarily related to

mercury and SO2 and NOx. (RFP, Section 1V.B.3.)

LPES, Inc. of Smithfield, VA, a Virginia certified Small Business Enterprise, provides air-quality,
acoustical, and transportation planning services to both government and private clients. LPES
has extensive experience performing air conformity analysis, air modeling, and air emission
calculations for regulatory compliance, permitting, and NEPA support projects. LPES also
specializes in noise compliance and planning. Its staff has a broad knowledge base in the

prediction, impact analysis, planning, and mitigation of noise and its effects on humans,

endangered species, and marine mammals. In addition to its core competencies, LPES also
provides land use planning, transportation, and socioeconomic impact assessment. (RFP,

Section IV.B.3. and 6.)

Thruput, a Virginia certified Woman Owned Business, has the capacity and qualifications to
evaluate, calculate, compile and analyze air emissions from point sources. Thruput has the
professional background and governmental/private experience to assist in evaluating the quality

of emissions from a variety of industrial sources. (RFP, Section IV.B.3. and 6.)

Summary of Education and Experience of Proposed

Personnel

The experience of the ICF project team in each of the required areas is summarized in Table 3-1.

(RFP, Section IV.B.3.b.)

Table 3-1. Summary of Education, Years of Experience, and Number of Projects for Areas
Relevant to the Virginia Mercury Study for Key ICF Project Personnel.

: Hudis-
Haney | Douglas Myers Burch Wei chewskyj Venkatesh
Education (highest degree) MS MS MA MEM MS BS PhD
Numb_er of years of air quality analysis 27 20 29 1 17 97 10
experience
Project related experience within the past 10
years for:
Mercury emission inventory and modeling v 44 444 44 vV v VY
Mercury assessment studies v v 224 Vv Vv vV
Regional- & urban-scale air quality modeling 2244 244 vV VY 2244
CMAQ modeling 4 Vv v vv v
Gaussian modeling 4 v v vv v
Emission inventory review, processing, and quality |, , VY I vV VI v 244
assurance
CART Data Analysis vV vV v v vV
v’ = 2to4projects v'v' = 4to8projects vy o=

8 or more projects
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Qualifications and Roles/Responsibilities of Core Project
Participants

This section presents the ICF project team, including qualifications of each member in
conducting similar work, and the roles and responsibilities they will have during the course of
the study. The resumes of these individuals are provided in an appendix. (RFP, Section IV.B.3.)

For this effort, Jay Haney will serve as Project Manager while Sharon Douglas will serve as
Technical Coordinator. Mr. Haney and Ms. Douglas have worked together and served in similar
complementary roles on numerous large air quality data analysis and modeling studies during
the last 15 years. Other key personnel from ICF include Tom Myers who will lead the mercury
modeling application, evaluation, and sensitivity analysis, Belle Hudischewskyj, who will lead
the collection and processing of any air quality and meteorological data related to the mercury
trends analysis, David Burch, who will be involved in the mercury emissions inventory data
evaluation and literature search, and YiHua Wei, who will participate in the emissions
evaluation and lead the emissions inventory preparation work and the AERMOD application for
the mercury deposition modeling task. Dr. Boddu Venkatesh will participate in
identifying/reviewing emissions inventory information provided by ICF’s IPM energy demand
model. Additional ICF personnel will participate in the study and provide support to the key
personnel, as appropriate. (RFP, Section IV.B.3.)

Mr. Tim Lavallee from LPES, Inc. and Ms. Diane Shotynski of Thruput will assist ICF with the
mercury emissions data analysis task. (RFP, Section IV.B.3.)

Jay Haney

Summary of Qualifications and Experience: Jay Haney is a Vice President at ICF and is the
head of the air quality modeling group. Mr. Haney has 27 years of experience in the area of air
quality data analysis and modeling. He specializes in emission inventory assessment and air
quality model application studies. Mr. Haney has been involved in more than 50 ozone, PM;5 ,
and mercury modeling studies, and has served as the project manager for numerous SIP-related
(for example, Atlanta, Baton Rouge, Birmingham, Cincinnati, Louisville, Phoenix, Sacramento)
and Early Action Compact (EAC) (for example, Chattanooga, Knoxville, Little Rock, Nashville,
Shreveport, Tri-Cities) ozone modeling studies. He recently served as project manager for all
three phases of the Gulf Coast Ozone Study (GCOS), the Mississippi Coastal Improvement
Assistance Program (CIAP) modeling study, the West Florida Ozone Study (WFOS), and the
Arkansas-Tennessee-Mississippi Ozone Study (ATMOS), which involved data analysis, episode
selection, emission inventory development, and model application to address EPA’s new 8-hour
ozone standard. He has led the development of numerous emission inventories supporting air
quality modeling studies for ozone, CO, and PM and is knowledgeable regarding the NEI,
emissions estimation/modeling techniques, and projection methodologies. Currently, Mr. Haney is
the project manager for a CMAQ application study for enhanced PM, 5 analysis of the Southeast.
He is also involved in the REMSAD 48-state mercury modeling analysis for the EPA Office of
Water. (RFP, Section IV.B.3.)

Since 2000, Mr. Haney has authored or co-authored more than 35 technical reports and
technical support documents, all of which have been peer reviewed by our clients and their
technical advisors. He has consistently demonstrated the ability to deliver practical, well-
documented, high-quality technical work products within established contract schedules and
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budget constraints. Mr. Haney holds B.S. and M.S. degrees in Meteorology from Saint Louis
University and is an AMS Certified Consulting Meteorologist (CCM). (RFP, Section IV.B.3.)

Role and Responsibilities: Mr. Haney will serve as Project Manager for the study. He will be
the principal point of contact for the VDEQ, and will work closely with Ms. Douglas, in
communicating status, progress, and the resolution of any problems encountered during the
study. Mr. Haney is a Vice President and corporate officer with ICF and has the authority to
ensure that adequate corporate and administrative resources are available to accomplish the
technical objectives and meet the proposed schedule and budget. (RFP, Section IV.B.3.)

Sharon Douglas

Summary of Qualifications and Experience: Ms. Sharon Douglas is a Project Manager at ICF
and has nearly 20 years of experience in the development, refinement, and application of
meteorological and air quality analysis and modeling techniques. At ICF, Ms. Douglas has been
principally involved in the development and application of meteorological and air quality
modeling tools. She has served as principal investigator for more than 25 projects involving the
combined application of meteorological models and urban- and regional-scale air quality models
for regulatory purposes. One of her specializations is meteorological modeling, and she has 25
years of experience in working with MM5 and nearly 20 years of experience in using dynamic
meteorological models to prepare inputs for air quality modeling. Ms. Douglas has also
successfully managed more than 35 projects involving the analysis of air quality/ meteorological
data, and the development, and application of data analysis and modeling tools. (RFP, Section
IV.B.3.)

Within the air quality modeling group, Ms. Douglas has led the development and application of
innovative data analysis techniques, primarily designed to examine the relationships between
meteorology and air quality and to use this information to enhance air quality modeling,
forecasting, and planning. Ms. Douglas recently served as the project manager for the VISTAS
meteorological characterization study. The results from this study are being used by VISTAS to
guide the use of modeling results for PM, 5 and regional haze planning. She is also currently the
project manager for a data analysis project involving the use of IMPROVE, STN, and SEARCH
data to explore the relationships between aerosol formation, composition, and transport and
meteorology. Both of these studies have included the detailed analysis of meteorological and
PM. s data using the CART analysis software. This experience will be used in developing the
approach and conducting the mercury trends analysis work for this study. Ms. Douglas recently
managed a work assignment for EPA OAQPS for incorporating mercury PPTM tagging into the
CMAQ model. Ms. Douglas is currently involved in the REMSAD 48-state mercury modeling
analysis for the EPA Office of Water where she is leading the display and analysis of modeling
results. (RFP, Section IV.B.3.)

Since 2000, Ms. Douglas has authored or co-authored more than 50 technical reports and
technical support document, all of which have been peer reviewed by our clients and their
technical advisors. She has participated in dozens of project meetings and conferences and has
consistently demonstrated the ability to present technical information in an organized, thorough,
and understandable manner. Ms. Douglas has an outstanding reputation within the air quality
modeling community for providing sound technical advice and delivering creative, high-quality
technical work products. She has a M.S. degree in Meteorology from the Pennsylvania State
University, and a B.A. degree in Atmospheric Science from the Johns Hopkins University. (RFP,
Section IV.B.3.)
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Role and Responsibilities: Ms. Douglas will coordinate the technical work to be completed for
the proposed emission inventory evaluation, data analysis, and mercury deposition modeling
study. She will work closely with Mr. Haney to: 1) develop the modeling recommendations and
protocol, 2) develop the approach for the mercury data analysis, 3) conduct the modeling and
technical analyses, 4) communicate ongoing technical information to the VDEQ project
participants by participating in conference calls and status meetings, and 5) prepare the draft
and final reports. She will have day-to-day responsibilities to manage the technical work
conducted by all project participants and will work closely with Mr. Haney to ensure that the
work is completed on schedule and within budget. (RFP, Section IV.B.3.)

Tom Myers

Summary of Qualifications and Experience: Tom Myers is a Project Manager at ICF and has
more than 29 years of experience in air quality model application and development. His principal
areas of experience are in the application and development of photochemical air quality model
systems for ozone and particulate matter. Mr. Myers has managed a number of modeling
applications using UAM-IV, UAM-V, REMSAD, and CMAQ among other models. For the U.S. EPA
Office of Water, Mr. Myers is currently managing a project to estimate the contribution of the
mercury emissions from various states to water bodies. For the U.S. EPA Office of Air Quality
Planning and Standards, Mr. Myers recently managed a project to update the documentation for
REMSAD and to update and test improvements to the REMSAD system. Improvements
implemented included: a secondary organic aerosol (SOA) module to simulate the formation of
these organic products; an expanded treatment of fine and coarse fractions of various particulate
species, and the implementation of the Particle and Precursor Tagging Methodology (PPTM)
capabilities for nitrogen, sulfur, and mercury, which tracks the fate of these species to assess
downwind contribution. Mr. Myers also recently incorporated PPTM into the CMAQ model, which is
being evaluated as part of the EPA OW mercury tagging assessment of the lower 48 states. This
work was recently presented at the CMAS conference in Durham, North Carolina (October 2006).
(RFP, Section IV.B.3.)

Mr. Myers is quite knowledgeable in the science of mercury chemistry, transport, and deposition,
as substantiated by his work in mercury model development. Currently, he is the principal
investigator for the EPA OW mercury tagging and deposition modeling study. Mr. Myers has a
M.A. degree in Physics from the University of California, Davis. (RFP, Section IV.B.3.)

Role and Responsibilities: Mr. Myers will lead the set up and application of CMAQ with PPTM,
as well as the processing and analysis of the CMAQ and mercury tagging results. He will assist
in evaluating both air quality models, and will apply his understanding of the physical and
chemical processes affecting mercury to the analysis of the results. (RFP, Section IV.B.3.)

David Burch

Summary of Qualifications and Experience: David Burch, a Project Manager in ICF’s
Environment, Transportation, and Regulation practice, has eleven years of professional
experience in risk assessment and environmental chemistry. Much of his work has involved
managing tasks and providing expertise related to air and multimedia fate and transport
modeling, exposure assessment, and risk characterization of air pollutants for EPA and other
public and private clients. He is familiar with the behavior of mercury in the environment, current
approaches for modeling fate and transport of mercury, the toxicology of mercury, and issues
regarding risk assessment of mercury for humans and ecological endpoints. Mr. Burch was a
key analyst in the mercury test case application of EPA’'s TRIM.FaTE fate and transport model,
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for which he collected input data and conducted parameter sensitivity analyses, performed
additional mercury modeling using IEM-2M (the EPA multimedia exposure model developed to
calculate human exposures to mercury for the 1997 Mercury Study Report to Congress), and
performed a quantitative comparison of TRIM.FaTE results to monitoring data available for the
chlor-alkali facility that was the subject of the test case. Mr. Burch played a key supervisory and
technical role in ICF’s support to EPA in the development of the 2005 Clean Air Mercury Rule
(CAMR) by coordinating logistical and documentation support for a series of internal EPA
workshops focused on the risk assessment design for the rule, conducting literature searches
and data collection efforts regarding the toxicology of mercury and human health routes of
exposure, and authoring summary text regarding the toxic effects of mercury that was included
in the Regulatory Impact Analysis for the final rule. He also played a key role in ICF’s
comparative assessment of potential impacts related to mercury deposition from coal-fired
power plants for a private client and provided technical and documentation support in the
compilation of EPA’s Mercury Study Report to Congress. Mr. Burch currently serves as the
Deputy Program Manager for ICF’s mission support contract with EPA’s Office of Air Quality
Planning and Standards to provide technical risk assessment support for EPA regulatory
initiatives regarding hazardous and criteria air pollutants. (RFP, Section I1V.B.3.)

Roles and Responsibilities: Mr. Burch will be involved in the mercury emissions inventory
analysis tasks. He will take the lead in conducting the literature search as part of Section A,
Task 4. (RFP, Section IV.B.3.)

YiHua Wel

Summary of Qualifications and Experience: Ms. YiHua Wei, Senior Associate at ICF, has
more than 17 years experience in air quality modeling, emission inventory development and
preparation, and air toxics risk assessment. Ms. Wei specializes in the processing and quality
assurance of emissions data and the preparation of modeling emission inventories. She is
experienced in the application of SMOKE and EPS2.5. Within the past several years, she has
developed base-case and future-year emission inventories for numerous regional and national-
scale modeling projects including GCOS/CIAP, WFOS, ATMOS, Baton Rouge SIP modeling,
South Carolina 8-hour ozone modeling, and several EPA-sponsored national PM and mercury
tagging analyses. She has also prepared national criteria pollutants and mercury inventories for
REMSAD modeling for EPA’s Clean Air Markets Division (CAMD), the Lake Michigan Air
Directors Consortium (LADCO), and EPA’s Office of Water, using EPS2.5. Ms. Wei is
responsible for the development of ICF’s modeling emission inventory quality assurance
practices, which set our group apart from others in the air quality modeling community, as
substantiated by fewer versions of emission inventories for regional-scale modeling. Ms. Wei
has developed processed numerous national-scale mercury emission inventories for a number
of REMSAD and CMAQ model applications for the EPA Office of Water. (RFP, Section IV.B.3.)

Ms. Wei has more than ten years of experience in Gaussian air quality modeling. She has
applied the Gaussian dispersion model (ISC3, now AERMOD) for numerous regulatory and
toxic risk assessment analysis projects. In the past year, she has worked for EPA on a residual
risk assessment for coke-oven facilities using the Gaussian ISCST model. She has also applied
CAL3QHCr and CALPUFF to model the pollutant concentrations near roadway intersections.
Ms. Wei also participated in the application of CART for the analysis of meteorology, PM, 5, and
visibility within the VISTAS region. (RFP, Section IV.B.3.)
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Ms. Wei received an MS in Atmospheric Science from State University of New York at Albany; an
MS in Physics from Indiana State University; and a BS in Physics from Nanjing University, China.
(RFP, Section IV.B.3.)

Role and Responsibilities: Ms. Wei will participate in the review of the mercury emissions
inventory and will be responsible for the processing of any new emission inventories for
modeling. Ms. Wei will also set up and conduct the application of AERMOD. (RFP, Section
IV.B.3.)

Belle Hudischewskyj

Summary of Qualifications and Experience: Ms. Belle Hudischewskyj is a Senior Associate with
ICF and a trained meteorologist with 27 years of experience in the areas of meteorological and air
quality data analysis and modeling. Ms. Hudischewskyj specializes in the analysis and quality
assurance of meteorological and air quality data. Ms. Hudischewskyj has extensive experience in the
use of statistical data analysis techniques and, in particular, the application of CART. She was a key
participant in the VISTAS meteorological characterization study and was responsible for data
preparation and quality assurance for the CART application for the VISTAS PM, 5 and regional haze
data analysis study. Ms. Hudischewskyj also conducted the several recent CART applications for
mercury. (RFP, Section IV.B.3.)

Ms. Hudischewskyj is also experienced in meteorological modeling and the preparation of
meteorological inputs for air quality modeling. She applied and evaluated MM5 for the
GCOS/CIAP, WFOS, and ATMOS studies and is currently involved in the application of MMS5 for
other areas. Ms. Hudischewskyj is knowledgeable in a variety of database management tools
such as DBMS and MS-Access. Ms. Hudischewskyj has a B.S. degree in Meteorology from San
Jose State University.

Role and Responsibilities: Ms. Hudischewskyj will be responsible for acquiring, reviewing, and
coordinating all handling of the air quality and meteorological data required for this study. She will
participate in the CART analysis and will prepare the meteorological inputs for application of the
Gaussian model. (RFP, Section IV.B.3.)

Boddu Venkatesh

Summary of Qualifications and Experience: Dr. Boddu Venkatesh is currently a Principal at
ICF in the Energy Markets group. He is a versatile systems engineer with strong analytical and
computer skills. He has good knowledge of applying systems and operations research tools to
complex problems. Energy and environmental analyses have been his area of focus. At ICF, Dr.
Venkatesh has been primarily involved with supporting U.S. EPA, Environment Canada, RPO’s
and other clients with IPM® based analytical work in regards to electric sector environmental
compliance planning for NO,, SO,, CO, and Mercury. He has also managed the Environmental
Assessment for the FERC Order 2000. Dr. Venkatesh has in the past helped evaluate the value
of power plant assets and was the lead analyst involved in developing the ICF’s Bulk Power
Outlook 1999. He has developed methodologies for incorporating industrial boilers and
advanced emission-banking structures into IPM. (RFP, Section IV.B.3.)

Dr. Venkatesh received MS and PhD degrees in Systems Engineering from Case Western
Reserve University in Cleveland. (RFP, Section IV.B.3.)
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Role and Responsibilities: For this analysis, Dr. Venkatesh will participate in the emission
inventory review work (Section A) and in the future-year emission inventory development
(Section B) of the study. (RFP, Section IV.B.3.)

Tim Lavallee, P.E.—LPES, Inc.,

Summary of Qualifications and Experience: Tim Lavallee, President/Senior Engineer of
LPES has more than a decade of experience in project management and engineering in the air
quality field. Mr. Lavallee holds a master’s degree from Tufts University in civil
engineering/environmental health, and a bachelor’'s degree from Northeastern University in
mechanical engineering. Before founding LPES, Mr. Lavallee managed an environmental firm’s
air-quality services branch and worked for Lockheed Martin Space Missions and Support
Services. Mr. Lavallee is a member of the American Society of Civil Engineers and the Society
of American Military Engineers. He has authored numerous professional and technical
publications. He is well versed in air quality compliance and planning, noise prediction and
control, and NEPA. (RFP, Section IV.B.3. and 6.)

Roles and Responsibilities: Mr. Lavallee will participate in the mercury emissions data
analysis, where he will assist in reviewing and analyzing the point source mercury emissions
inventory information compiled by VDEQ for industrial point sources for 2002 and 2005. (RFP,
Section IV.B.3. and 6.)

Diane Shotynski—Thruput

Summary of Qualifications and Experience: Diane Shotynski, President and founder of
Thruput, holds a B.S. in Civil Engineering from the University of Pennsylvania and has over 11
years experience in the environmental engineering field. She has held a variety of
environmental engineering positions throughout the Mid-Atlantic region including work in the
early 1990’s for the Abingdon, VA office of the Virginia DEQ. She has worked on remediation
projects in Maryland, processed stationary source air permits for VDEQ, and evaluated criteria
and toxic emissions and modeled these emissions in impact studies for the City of Philadelphia.
(RFP, Section IV.B.3. and 6.)

Roles and Responsibilities: Ms. Shotynski will participate in the mercury emissions data
analysis, where she will assist in reviewing and analyzing the point source mercury emissions
inventory information compiled by VDEQ for industrial point sources for 2002 and 2005. (RFP,
Section IV.B.3. and 6.)
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4. Schedule and Deliverables (RFP Sections

IV.B.4, V.B.2)

In this section, we present a schedule and list of deliverables for the work outlined above for the
Emissions Inventory Data Analysis (Section A) and Mercury Deposition Modeling (Section B).

(RFP, Section VI.A.)
Schedule

Figure 4-1 presents the schedule for conducting the technical tasks. The schedule assumes a

project initiation date of 1 December 2006. (RFP, Section VI.A.)

Figure 4-1. Proposed schedule for completing Parts A and B of the Virginia Mercury Study

(shading represents ongoing activity).

06 2007

Task D :

Section A: Emissions Data Analysis ‘
Task 1: Point Source Inventory Review i

Task 2: Mercury Inventory Summary

Task 3: Literature Search i i

Task 4: Emissions Report

Task 5: Data Archival/Transfer

Task 6: Quality Assurance Plan

Task 7: Project Management
Section B: Deposition Modeling
Task 1: Conceptual Model

Task 2: Modeling Protocol

Task 3: Sensitivity Analysis

Task 4: Performance Evaluation

Task 5: Modeling Simulations i
Task 6: Modeling Report i
Task 7: Data Archival/Transfer i
Task 8: Quality Assurance Plan i

Task 9: Project Management

Key:

M1 — M4 = Project meetings

D = Draft report (or draft protocol)
F = Final report (or final protocol)
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Deliverables

The list of deliverables for work conducted under Parts A and B of the Virginia Mercury Study
include the following: (RFP, Section VI.A.)

Part A—Mercury Emissions Data Analysis

Work plan to guide the mercury emissions data analysis
Mercury emissions review summary (technical memorandum)
Mercury emissions inventory summary (technical memorandum)
Literature review summary (technical memorandum)

Mercury emissions data analysis report (draft and final versions)
Mercury emissions data files

Quality assurance project plan

Monthly progress reports

Part B—Mercury Deposition Modeling

Work plan to guide the mercury deposition modeling

Conceptual model summary (technical memorandum)

Modeling protocol (draft and final versions)

Model sensitivity analysis summary (draft technical memorandum)
Model performance evaluation summary (draft technical memorandum)
Mercury deposition modeling report (draft and final versions)

Modeling output files

Quality assurance project plan

Monthly progress reports
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5. Client Reference Form and Past
Performance Summaries (RFP Section
1IV.B.2, Attachment D)

In this section, we present information regarding current or recent clients and studies conducted
by the project team that are related to the work called for in the RFP in the areas of emission
inventories, air quality data analysis, and mercury deposition modeling. For each client contact
listed in the Vendor Data Sheet, we provide a complete description of the study in the order
listed in the table. Additional project descriptions for other related studies are also included at
the end of this section. (RFP, Section V.B.3)

Attachment D: Vendor Data Sheet

1. Qualification: The vendor must have the capability and capacity in all respects to satisfy fully
all of the contractual requirements.

2. Vendor’s Primary Contact:

Name: Jay L. Haney, Vice President Phone: 415-507-7164

3. Years in Business: Indicate the length of time you have been in business providing this type
of good or service: 35 Years 10 Months

4. Vendor Information:

FIN or FEI Number: 54-1500263 If Company, Corporation, or Partnership

Social Security Number: If Individual

5. Indicate below a listing of at least four (4) current or recent accounts, either commercial or
governmental, that your company is servicing, has serviced, or has provided similar goods.
Include the length of service and the name, address, and telephone number of the point of
contact.

A. Company: EPA Office of Water Contact: Dwight Atkinson
Phone: (202)-566-1226 Fax: (202)-566-1333
Project: Modeling of Mercury Deposition Contributions from US Sources
Dates of Service: November 2005 - present  $ Value: 350 K
B. Company: EPA Office of Water Contact: Dwight Atkinson
Phone: (202)-566-1226 Fax: (202)-566-1333
Project: Modeling of Nitrogen, Mercury, and Other Toxics for the EPA Office of
Water (multiple tasks)
Dates of Service: 1995 - 2005 $ Value: 750 K
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Company: EPA OAQPS Contact: Tom Braverman
Phone: (919)-541-5383 Fax: (919)-541-0044
Project: Incorporation of Mercury, Sulfur, and Nitrogen Tagging into the CMAQ
Modeling System
Dates of Service: February 2005 - present $ Value: 55K
Company: EPA Office of Water Contact: Dwight Atkinson
Phone: (202)-566-1226 Fax: (202)-566-1333
Project: Application of the REMSAD Modeling System to Estimate the
Deposition of Mercury in Support of the Wisconsin TMDL Pilot Study
Dates of Service: 1995 - 2003 $ Value: 250 K
Company: EPA Region Il Contact: Francis J. Mulhern
Phone: (214) 655-6644 Fax: (214)-655-XXXX
Project: Air Deposition Modeling to Support Mercury TMDL Analyses for
Maryland
Dates of Service: January — October 2004 $ Value: 65 K
Company: EPA Region VI Contact: Phillip Crocker
Phone: (215) 665-6644 Fax: (215)-665-6644
Project: Air Deposition Modeling to Support Mercury TMDL Analyses for
Southern Louisiana
Dates of Service: January — August 2004 $ Value: 42 K
Company: EPA Office of Policy, Contact: Greg Miller
Economics, and Innovation
Phone: (202) 566-2310 Fax: (202) 566-2310
Project: Technical Support to EPA Workgroup on the Clean Air Mercury Rule
Dates of Service: August 2004 — March $ Value: 210 K
2005
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H. Company: EPA Office of Air Quality Contact: Martha Keating
Planning and Standards
Phone: (919)-563-3223 Fax: (919)-563-3223
Project: Compilation of the Mercury Study Report to Congress
Dates of Service: August 1994 — December  $ Value: 240 K
1997
Company: EPA Office of Air Quality Contact: Deirdre Murphy
Planning and Standards
Phone: (919)-541-0729 Fax: (919)-541-0729
Project: TRIM.FaTE Mercury Test Case Development, Application, and
Analysis
Dates of Service: October 1999 — July $ Value: 1.1MK
2005
J.  Company: US Dept of Energy Contact: Mark Vandeberg
Phone: (702) 794-1367 Fax: (702) 794-1367
Project: AERMOD Analysis for the Construction and Operation of a 320-Mile
Rail Line for the Yucca Mountain Repository
Dates of Service: September 2005 - June $ Value: 30K
2006
K.  Company: US EPA OTAQ Contact: Chad Bailey
Phone: (734) 214-4954 Fax: (734) 214-4954
Project: AERMOD Modeling of Project-Level Particulate Matter Impacts of
Motor Vehicle Transportation
Dates of Service: January — September $ Value: 80 K
2005
L. Company: EPA Clean Air Markets Division Contact: Sam Napolitano
Phone: 202 343 9150 Fax: 202 343 9150
Project: Support for Market-Based Air Emissions Control Programs
Dates of Service: April 2003 - present $ Value: $35 M
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M  Company: Western Governor’s Association/  Contact: Rich Halvey
Western Regional Air
Partnership (WRAP)
Phone: (303) 623-9378 Fax: (303) 623-9378
Project: Estimation of SO, emissions for the Western States for Regional Haze
Assessments
Dates of Service: July 2001 — November $ Value: $300 K
2002
N. Company: MARAMA Contact: Bill Gillespie
Phone: 410-467-0170 Fax: 410-467-1737
Project: PM, s Forecasting Assistance for the Mid-Atlantic States
Dates of Service: March 2003 to June $ Value: 166 K
2005
O. Company: Southern Company Contact: John Jansen
Phone: 205-257-7698 Fax: 205-257-7294
Project: CMAQ Modeling for the Southeastern US (VISTAS Region)
Dates of Service: October 2004 - present $ Value: 350 K
P. Company: SESARM - VISTAS Contact: Pat Brewer
Phone: (828) 296-4500 Fax: 828-299-7043
Project: Characterization of Meteorology and Its Relationships to Fine
Particulate Mass and Visibility in the VISTAS Region
Dates of Service: September 2003 to $ Value: 325K
present
Q. Company: EPA Office of Research and Contact: Mary Wigginton
Development, National Center
for Environmental Research
Phone: (202)-343-9861 Fax: (202)-343-9861
Project: Synthesis Report of Research Results from FY99 STAR Mercury
Grants
Dates of Service: November 2003 - present  $ Value: 45 K
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R. Company: SESARM - Gulf Coast States Contact: Tom Rogers
Phone: 850-921-9554 Fax: 850-922-6979
Project: The Gulf Coast Ozone Study (GCOS)

Dates of Service: January 1999 — April $ Value: 820 K
2005
S. Company: Arkansas, Tennessee, and Contact: Mark McCorkle
Mississippi
Phone: 501-682-0736 Fax: 501-682-0753
Project: The Arkansas-Tennessee-Mississippi Ozone Study (ATMOS)
Dates of Service: %ggléary 1999 — April $ Value: 680 K

| certify the accuracy of this information.

Signed: Title: Vice President  Date:

Jay L. Haney

In the order presented in the table above, below we provide corresponding summaries for the
current or recently completed studies that substantiate our qualifications and experience in the
areas of mercury modeling, CMAQ modeling, mercury assessment studies, AERMOD modeling,
air quality data analysis, and regional air quality modeling for PM and ozone. (RFP, Section
V.B.3.)

Modeling of Mercury Deposition Contributions from U.S. Sources
Client: U.S. EPA, Office of Water

Client Contact: Dwight Atkinson, (202)-566-1226 Atkinson.Dwight@epamail.epa.gov
EPA Office of Water (OW), Ariel Rios Building (4503-T), 1200 Pennsylvania
Avenue, NW, Washington, DC, 20004

Contract Period: November 2005—present

Beginning in 1993, the Regional Modeling System for Aerosols and Deposition (REMSAD) was
developed by ICF for the EPA. Development and enhancement of the model has continued over
the years resulting in a state-of-the-science, one-atmosphere model. REMSAD includes a
detailed treatment of the emission, transformation, transport, and re-emission of mercury. A
major development for the model was addition of the Particle and Precursor Tagging
Methodology (PPTM) that allows contributions of emissions sources to air concentrations and
deposition to be estimated. In this project, the PPTM was used to estimate contributions to
mercury deposition from approximately 300 individual sources and sources categories within the
U.S.
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Major components of this project include:
e Evaluate alternative meteorological data sets available for mercury simulations.

o Review the U.S. emissions inventory, including collection of comments from EPA regions
and individual states.

e Select sources to be tagged, with input from EPA regions and states.

e Conduct annual simulations for the calendar year 2001 with REMSAD to estimate
contributions to mercury deposition from the selected U.S. source tags, Canada, Mexico, and
global contributions.

e Conduct a CMAQ simulation for a subset of the tags (using the PPTM recently implemented
in CMAQ by ICF) for comparison with the REMSAD results.

o Document the study and provide analysis of results in a final report.

e Provide model estimates of mercury deposition for inclusion in a nationwide database of
mercury deposition.

The simulation results cover the entire U.S. at a resolution of 12 km and allow the estimation of
the major contributors in watersheds within the U.S. Several sources in Virginia, for instance,
were tagged allowing the estimation of contributions to deposition from the Chesterfield Power
Station, the NASA Refuse-fired Steam Generator, the Chesapeake Energy Center, the Norfolk
Navy Yard, the Jewel Coke Company, and other Virginia sources collectively. In addition, the
magnitude of contributions of sources outside Virginia to deposition of mercury in Virginia can
be evaluated using the information on sources tagged in other states.

Analysis of the simulation results and use of the modeled data in a GIS system will allow
estimates to be made of contributions to mercury deposition from each of the tagged sources to
watersheds throughout the U.S.

Modeling of Nitrogen, Mercury, and Other Toxics for the EPA Office of Water
Client: U.S. EPA, Office of Water

Client Contact: Dwight Atkinson, (202)-566-1226 Atkinson.Dwight@epamail.epa.gov
EPA Office of Water (OW), Ariel Rios Building (4503-T), 1200 Pennsylvania
Avenue, NW, Washington, DC, 20004

Contract Period: November 1995 — 2005

Starting in 1993, the REMSAD modeling system was developed by ICF for the U.S. EPA Office
of Policy, Planning, and Evaluation to support a better understanding of the distributions,
sources, and removal processes relevant to particulate matter and other airborne pollutants,
including soluble acidic components and toxics. The REMSAD modeling system was originally
developed as part of Phase | of the Great Waters Impact Assessment Study (GWIAPS).

REMSAD was applied for the EPA Office of Water to the conterminous U.S. at approximately
36-km resolution with selected areas of the domain at 12-km resolution. Emphasis was on
estimation of deposition of nitrogen species and mercury, but calculations were also made for
dioxins, POM, particulate matter, and cadmium. Because of the efficiency of the chemical
mechanism, annual simulations of the entire U.S. were practical. Under this work assignment, a
system for tracking mercury to point of deposition was added. This methodology is referred to
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as the Particle and Precursor Tagging Methodology (PPTM). A number of improvements
recommended in a peer review of REMSAD were incorporated into the model during this
project. A detailed and up to date treatment of mercury chemistry is now included in the model.
REMSAD now makes use of more meteorological information that is available from the output of
the meteorological model. Aqueous phase oxidation of SO, now includes reactions with ozone
and molecular oxygen in addition to peroxide. The simulated air concentrations of sulfate and
nitrate and other species were evaluated against monitoring data from the IMPROVE,
CASTNET and AIRS databases. In addition, the simulated deposition of nitrate and sulfate were
evaluated against data from the National Acid Deposition Program (NADP) and good model
performance was achieved. In the remainder of the project, simulations were conducted for toxic
species including mercury. Results of the mercury modeling were be used to help estimate the
potential mercury loading of water bodies via air deposition.

In a companion project, ICF extended PPTM to include nitrogen tagging in REMSAD that allows
the fate of nitrogen emissions to be traced. The methodology allows the contributors to
deposition at a given point in the domain to be tallied up and summarized. The current
implementation allows nitrogen to be labeled for four different categories or areas in the domain.
ICF completed simulations with REMSAD using the nitrogen tagging feature to follow emissions
from each of the 48 coterminous states. A series of simulations were conducted and emissions
from each of the lower 48 states, Canada, Mexico, and boundary concentrations were tagged.
The results of the simulations were used to estimate the contribution of the emissions from each
state to deposition of nitrogen at locations throughout the domain, and to identify the emissions
sources that contribute to deposition in selected watersheds.

Incorporation of Mercury, Sulfur and Nitrogen Tagging in the CMAQ Modeling System
Client: U.S. EPA, Office of Air Quality Planning and Standards

Client Contact: Tom Braverman, (919) 541-5383, braverman.tom@epa.gov
Research Triangle Park, NC

Contract Period: February 2005—present

In this project, we enhanced the CMAQ modeling system to include mercury, sulfur, and nitrogen
tagging in order to improve the utility of the modeling system for the study of mercury and fine
particulate matter (PM,s) and the identification of effective control strategies. This methodology is
designed to provide detailed, quantitative information about the contribution of selected sources,
source categories, and/or source regions to simulated mercury and PM, 5 concentrations.
Emissions of mercury, sulfur (primarily sulfur dioxide (SO;) and primary sulfate) and nitrogen
compounds (primarily oxides of nitrogen (NO,)) from selected sources, source categories, or
source regions are (numerically) tagged and then tracked throughout a simulation. The
contribution from each tag to the resulting simulated concentration or deposition of mercury,
PM, s, or their component species for any given location can be quantified. By tracking the
emissions from selected sources or source locations, the methodology also provides information
on the fate of the emissions from these sources. Mercury, sulfur, and nitrogen tagging have been
implemented as part of the CMAQ Particle and Precursor Tagging Methodology (PPTM).

One part of this study focused on the application for mercury. Tags were applied to electric
generation sources (EGUs), all other mercury sources within the domain, and initial and
boundary conditions (IC/BCs). The results indicate that the initial and boundary conditions
comprise a significant part of the total deposition. EGU emissions contribute most to dry
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deposition of mercury in the mid-Atlantic states during this simulation period. Wet deposition is
strongly influenced by the amount of rainfall during the simulation period.

Another aspect of this study focused on sulfur tagging, and specifically SO, and particulate
sulfate emissions from pulp and paper manufacturing facilities. This industry sector was
identified by EPA for this analysis because the future-year (2010) emissions are expected to be
among the highest of non electric generating unit emissions categories, based on the Clean Air
Interstate Rule (CAIR) modeling conducted by EPA. In total, tags were applied to 10 facilities
and the contributions of the emissions from these facilities to simulated sulfate and PM, 5
concentrations were quantified using the CMAQ PPTM methodology.

Application of the REMSAD Modeling System to Estimate the Deposition of Mercury
in Support of the Wisconsin TMDL Pilot Study
Client: U.S. EPA, Office of Water

Client Contact: Dwight Atkinson, (202)-566-1226 Atkinson.Dwight@epamail.epa.gov
EPA Office of Water (OW), Ariel Rios Building (4503-T), 1200 Pennsylvania
Avenue, NW, Washington, DC, 20004

Contract Period: November 1995 — July 2003

In this study, ICF conducted REMSAD modeling to provide information for evaluating the
environmental consequences of alternative control strategies for reducing mercury deposition to
designated areas under evaluation by the Mercury Total Maximum Daily Load (TMDL) Pilot
Project. For the pilot study, Devil's Lake in Wisconsin was chosen as the site for evaluation of
the processes leading to elevated mercury levels in fish inhabiting the lake. REMSAD was used
to provide quantitative estimates of wet and dry deposition of mercury to the lake. The
deposition value were subsequently used for water modeling, in order to evaluate the long-term
outlook for the mercury loading in the lake and the effect on wildlife.

The REMSAD modeling domain encompassed the coterminous U.S. and parts of Canada and
Mexico. Meteorological data for the application was derived from the Rapid Update Cycle (RUC)
forecast and analysis system maintained by NCAR. A 1996 mercury emissions inventory was
used. In order to estimate contributions from specific sources to mercury deposition in Wisconsin,
we used the Particle and Precursor Tagging Methodology (PPTM), in which the mercury
emissions from specific sources or source types are tagged and track within the model. An annual
simulation was conducted with REMSAD, and simulated wet deposition results were evaluated
against data from the Mercury Deposition Network (MDN).

For this study, we estimated the contributions from utilities, industrial boilers, chlor-alkali plants,
medical waste incinerators, municipal waste incinerators, and other source categories
(collectively) within Wisconsin to the simulated deposition at Devil's Lake. We also examined
the contributions from a number of neighboring states.

As part of this study, we also analyzed the potential year-to-year variability in mercury
deposition. We employed Classification and Regression Tree (CART) along with the annual
REMSAD simulation results in order to estimate mercury deposition for a ten-year period, based
on the frequency of occurrence of meteorological conditions and their relationship to mercury
deposition. EPA then used these values for water quality modeling and estimating fish tissue
concentrations
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Air Deposition Modeling to Support Mercury TMDL Analyses for Maryland
Client: U.S. EPA, Region 3

Client Contact: Francis J. Mulhern, (214) 655-6644 Mulhern.Francis@epamail.epa.gov EPA
Region 3, 1650 Arch St., Philadelphia PA 19103

Contract Period: January 2004—October 2004

In this study, ICF conducted mercury deposition modeling in order to estimate air deposition of
mercury within the state of Maryland. The modeling results were used by EPA Region 3 in
developing a new Total Maximum Daily Load (TMDL) estimate for mercury in Maryland. The
REMSAD model, developed in work for EPA Office of Water (OW), was used for this study. It
includes the Particle and Precursor Tagging Methodology (PPTM) which allows tagging of
emissions (a way of estimating the contribution of emissions to deposition).

Meteorological data files developed in other work for the EPA Office of Water were utilized in
this study. Emissions were based on a 1996 inventory available from EPA OAQPS. The
simulation was conducted for a full year using a 36-km domain for the continental scale, and a
nested domain at 4-km resolution covering Maryland.

Tags for several sources and categories of sources were defined. These included individual
medical waste incinerators, municipal waste combustors, minerals processing, utility sources,
and other emissions in Maryland. In addition, emissions from several neighboring states were
tagged as a whole. A summary of simulated estimates of contributors to mercury deposition was
provided in the final report.

Using a Classification and Regression Tree (CART) technique, an estimate was developed of
the potential year-to-year variability in deposition estimates. The technique combined the annual
REMSAD simulation results with the long term meteorological record to provide a statistical
analysis of the expected range in deposition estimates based on the variability in meteorology.

Emissions inventory files, REMSAD input files, the REMSAD model, and the EPS2.5 emissions
processing software were transferred to Region 3 so that staff there could conduct additional
simulations. ICF also provided training sessions on the use of REMSAD and the EPS software.

Air Deposition Modeling to Support Mercury TMDL Analyses for Southern Louisiana
Client: EPA Region 6

Client Contact: Phillip Crocker, (215) 665-6644 Crocker.Philip@epamail.epa.gov EPA
Region 6, 1445 Ross Avenue, Suite 1200 Dallas, TX 75202

Contract Period: January 2004—August 2004

In this project, ICF conducted modeling for EPA Region 6 to estimate air deposition of mercury
to Louisiana gulf coastal basins. These estimates were used by EPA Region 6 to develop Total
Maximum Daily Load (TMDL) estimates for mercury in the gulf coastal water basins of
Louisiana.

ICF utilized the REMSAD model, developed in work for EPA Office of Water (OW), to provide
estimates of air deposition of mercury to the coastal basins. The REMSAD model includes the
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Particle and Precursor Tagging Methodology (PPTM) which allows tagging of emissions (a way
of estimating the contribution of emissions to deposition).

Meteorological data files developed in other work for EPA Office of Water were utilized in this
study. Emissions were based on a 1996 inventory available from EPA OAQPS. In this study,
updates were made to the inventory based on a review conducted in cooperation with EPA
Region 6. The review included comparisons of inventory data with mercury emissions estimates
from the Toxic Release Inventory (TRI) and from the Toxic Emissions Data Inventory (TEDI),
both representing 2001 emissions levels. ICF ran an annual simulation of mercury deposition
using a 36-km grid for the continental scale domain. A nested grid at 4-km resolution was
included that covered southern Louisiana.

Tags for several sources and categories of sources were defined. These included individual
utility sources, smaller utility sources (collectively), chlor-alkali plants, medical waste
incinerators, and other emissions in Louisiana. An analysis of the contributions of the tagged
sources to deposition in the coastal zone was provided in the final report. In addition, Region 6
staff were provided with output files detailing the deposition estimates from REMSAD.

Technical Support to EPA Workgroup on the Clean Air Mercury Rule

Client: U.S. EPA, Office of Policy, Economics, and Innovation

Client Contact: Greg Miller, (202)-566-2310 miller.gregory@epa.gov
EPA Office of Policy, Economics, and Innovation (OPEI), Ariel Rios Building,
Mail Code 1809T, 1200 Pennsylvania Avenue, NW, Washington, DC, 20460

Contract Period: August 2004—March 2005

ICF provided support to EPA/OPEI in the development of the Clean Air Mercury Rule power
plants (finalized March 2005). This complex and contentious rule was focused on reducing
mercury emissions from utilities nationwide. ICF's primary role in supporting the preparation of
the Regulatory Impact Analysis (RIA) for this rule included collecting and synthesizing technical
data used in the exposure analyses supporting the rule, including qualitative and quantitative
d